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“Why, you might take to some light study ; conchology now ; 
I always think that must be a light study.” 

George Eliot, Middlemarck. 



PEEFACE TO THE MOLLUSCA 

The general plan of classification adopted in this work is not 
that of any single authority. It has been thoiiglit better to 
adopt the views of recognised leading specialists in the various 
groups, and thus place before the reader the coinbiiied results of 
recent investigation. This method may, perhaps, occasion a 
certain number of small discrepancies, but it is believed that the 
ultimate effect will be to the advantage of the student. 

The classification adopted for the recent Cephalopoda is that 
of Hoyle (‘ Challenger ' lieports, Zoohuji/j vol. xvi.), for tlie fossil 
Cephalopoda (Nautiloidea) that of Foord {Catalotjue of the Fossil 
Cephalojwda in the British Museum, 1888-91), and (Amnionoidea) 
P. Fischer {Manuel de Conchyliologie, 1887). In the Gasteropoda 
the outlines are those adoi>ted by Pelseneer {Mthn, Soe, MidncoL 
Belg, xxyii. 1894), while the details are derived, in the main, 
from P. Fischer. The Amphineura, however, have not -l)een 
regarded as a separate class. The grouping of the • Nudi- 
branchiata is that of Bergh (Semper, Reisen im Arehipel dcr 
Philipinnen, ii. 3). The Pelecypoda are classified according to 
Pelseneer’s most recent grouping. 

Acknowledgment of the principal sources of information has 
been made in footnotes, and a short list of leading authorities has 
been appended to the chapters on anatomy, for the use of 
students desirous to pursue the subject further. In the case of 
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geographical lUstribution the authorities are too numerous and 
scattered to admit of a list being given. 

A special word of thanks is due to Mr. Edwin Wilson for 
his patient care in preparing the illustrations, the majority of 
which are taken from specimens in the University Museum of 
Zoology. Mr. Edgar Smith, besides affording the kind help 
which visitors to the British Museum always experience at 
his hands, has j^iermitted me to use many specimens for the 
purposes of illustration. 

A. H. COOKE. 


King’s Colleok, Cambiuuge. 
20/A Decemher 1894. 
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CHAPTER I 


INTRODUCTION POSITION OF MOLLUSCA IN THE ANIMAL KING- 
DOM CLASSIFICATION ORIGIN OF LAND AND FRESH-WATER 

MOLLUSCA 

It is the generally accepted opinion among men of science that 
all life originated in the sea. Not that all parts of the sea are 
equally favourable to the development of forms of life. The 
ocean surface, with its entire absence of shelter or resting-place, 
and the deep sea, whose abysses are always dark and cold and 
changeless, offer little encouragement to plant or animal life, as 
an original starting-point. True, both the surface and the depths 
of the sea have become colonised by myriads of forms, Mollusca 
amongst them, but these quarters are in the truest sense colonised, 
for the ancestors of those who inhabit them in all probability 
migrated from elsewhere. 

It was no doubt the littoral region and the shallow waters 
immediately below it, a region of changeable currents, of light 
and shade, of variation, within definite limits, of temperature 
and tide effects, which became the scene of the original develop- 
ment of plant life, in other words, of the food -supply which 
rendered possible its colonisation by higher animals. But the 
littoral region, besides the advantages of tenancy which it offers 
to animal life, has also its drawbacks. The violence of the surf 
may beat its inhabitants in pieces, the retreat of the tide exposes 
them, not merely to innumerable enemies in the shape of pre- 
datory birds and beasts, but also to a change in the atmospheric 
medium by which they are surrounded. Hence, in all proba- 
bility, have arisen the various forms of adaptation which are 
calculated to bring about the 'survival of the fittest’; hence, to 

VOL. Ill & R 
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narrow our point of view to the Mollusca, the development of 
hard sliells, or exoskeletons, hence the sand-burrowing, rock-boring, 
rock-clinging instincts of various genera and species.^ 

What was the primitive form of molluscan life is little likely 
to be ever positively known, although, on grounds of comparative 
anatomy, something approaching to the archi-mollusc is often 
constructed, with more or less probability, by careful observers. 
From one of the oldest known geological strata, the Cambrian, 
nearly four hundred species of Mollusc’a are known, which include 
representatives of nearly all the great Orders as they exist at the 
present day, and without the slightest sign of approximation to 
one another. With regard to the origin of the land and fresh- 
water Mollusca some definite conclusions can be arrived at, which 
will be given in their proper place. 

Scarcely any portion of the coast -line of the world is desti- 
tute of molluscan life, except in regions where extreme cold 
forbids its existence. Thus along the shores of Northern Asia 
there is no proper littoral fauna, the constant influence of travel- 
ling ice sweeping it all away; animal life begins at about 
three fathoms. But in every coast region not positively hostile 
to existence Mollusca make their home. Each description of 
habitat has its own ^peculiar species, which there flom-ish best, 
and exist precariously, if at all, elsewhere. Thus the sandy 
waste of estuaries, the loose and shingly beaches, the slimy mud- 
flats beset with mangroves, the low stretches of jagged rock, 
and even the precipitous cliffs, from whose base the sea never 
recedes, have all their own special inhabitants. The same is 
true of the deep sea, and of the ocean surface. And when we 
come to examine the land and fresh-water Mollusca, it is found 
not merely that some Mollusca are terrestrial and others fliivia- 
tile, but that certain species haimt the hills and others the 
valleys, some the recesses of woods and others the open meadow 
sides, some prefer the limestone rocks, others the sandy or clayey 
districts, some live only in still or gently moving waters, while 
others are never found except where the current is rapid and 
I)owerful. ' 

■» It is within the tropics that the Mollusca become most num- 
erous, arid assume their finest and quaintest forms. A tropical 
beach, especially where there is a good tide-fall and considerable 

* See especially Moseley, Nature^ 1885, j). 417. 
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variety of station, abounds in molluscan life to an extent whicb 
must literally be seen to be believed. The beach at Panama, to 
select an instance familiar to the present writer, is astonishingly 
rich in species, which probably amount in all to several hundreds. 
This is due to the immense variety of habitat. On the rocks 
at high-water mark, and even above them, occur Truncatella, 
Melampus, Littorina, and Siphonaria ; where a mangrove-swamp 
replaces the rock, on the branches overhead are huge Littorina, 
wliile three species of Cerithidea crawl on the mud, and Cyrena 
and Area burrow into it. Lower down, in the rock pools at 
half- tide mark are Cerithium, Purpura, Omphalius, Anaehis 
(2 sp.), Nassa, and several Crepidula. At low -water mark of 
ordinary tides, under stones half buried in clean sand, are Coecum 
and Vitrinella ; under the blocks which rest on solid rock are 
Cypraea (4 or 6 sp.), Cantharus, more Anaehis, Columhella (3 
sp. including the graceful O. harpiformis), and Nitiddla, Where 
the blocks of rock are rather muddy. Conus lurks, and with it 
Turritella and Latirus, Where the rocks form a flat -topped 
platform 2 or 3 feet high, with here and there a deep crack, 
luige Chitons 3 inches long conceal themselves, with two species 
of Turho, Purpura and Clavella. At extreme low -water mark 
of spring tides, on the isolated rocks are Monoceros, Leucozonia, 
and Vernietus, in them are Pholas and a burrowing Mytilus, 
'tinder them are more Convs, Dolium, and huge frilled Murices. 
Patches of clean gravelly sand here produce Stromhus ; on 
the operculum of the great Str. galea is sure to be a Crepidula, 
exactly fitting its breadth. On the liquid mud- flats to the 
north glide about Marginella, Nassa and Truncaria, in the clean 
sand -stretch to the west Olivella ploughs about by hundreds 
with several species of Natica, and Tellina and Donax. bury 
themselves deep, while farther down are Artemis, Chione, and, 
where mud begins to mix with the sand, Mytilus and more 
Area, Each of these species has its own habitat, often circum- 
scribed to a few square feet at the most, and it would be 
utterly useless to seek for it anywhere except in its own special 
domain. 

Equally abundant are the land Mollusca of the tropics. Prof. 
C. B. Adams relates that within the limits of a single parish 
in Jamaica, named Manchester, which measures no more than 
four miles long and one mile broad, he obtained no fewer than 
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one hundred species. Mr. J. S. Gibbons, in a description of 
the MoUusca he obtained near St. Ann’s, CuraQao, gives a 
lively picture of their abundance in an exceptionally favomed 
locality : — ^ 

"Near the outskirts of the town a waste piece of ground 
supplied me with occupation for all the time I had to spare. 
Neither grass nor water was to be seen, the only vegetation 
consisting of a few stunted cacti and still fewer acacia bushes. 
This, however, was so rich in shells that of several species enough 
specimens could have been collected in a few yards to supply, 
I should suppose, all the shell cabinets in the world. . . . 
The stones, plants, and ground were covered with StropMa uva 
L., Tudora megacheila, P. and M., was in equal abundance, 
suspended by its silk-like thread from acacia boughs, or strewed 
thickly on the ground underneath. A Bulimuhis {B. vivlti- 
lineatus var. sisedensis) abounded on the smaller boughs, while 
under masses .of coral Macroceramus iriermis GundL, Pupa par- 
raiana d’Orb, and P. pdlucida Pfr., were abundant. In the loose 
soil Cylindrdla Raveni Bland, Cistula Baveni Bland, and a curious 
Cionella were so numerous that a spade would have been the 
best instrument with which to collect them. I wasted a good 
deal of valuable timfe in separating them from the soil, when by 
simply taking away a few handfuls of mould, I might have 
obtained a larger number of specimens. A species of SUnogyra 
and a Swseinea complete a list, all of which might have been 
gathered from almost any square yard of ground on the hillside.” 

Position of MoUusca in the Animal Kingdom. — Up to 

very recent times it was usual to regard the MoUusca as one 
of the four subdivisions of a great family known as Malacozoa, 
the subdivisions being (1) MoUusca, (2) Tunicata, (3) Brachio- 
poida, (4) Pdlyz'oa or Bryozoa. This dassification is stiU retained 
in the leadihg modem manual on the subject.^ The progress, 
however, of investigation leads to the belief that the MoUusca 
are not sq closeljf related to these other groups as such a classi- 
iimtion would seem to imply. The Tunicata, for instance, 
*api^, from the whole course of their development, to occupy 

I Quart. Joum. Conch, i. p. 371. 

i ‘ifaniMl de Cmehylioldgic ct dc PcMmMagit ConehyliologiqUe. Dr. P. Fischer, 
Parish 1887. * ' ^ - 
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a position near to the Vertebrata. The relations of the Brachio- 
poda and Polyzoa will be more particularly referred to in that 
part of this History which deals especially with those groups. 
The position of the Mollusca is, in many respects, one of con- 
siderable isolation. Any attempt, therefore, definitely to relate 
them to one group or another, is, in all probability, to go further 
than the present state of our knowledge warrants. Especially 
to be deprecated are systems of classification which confidently 
derive tho Mollusca in general from this or that group. The 
first undisputed traces of animal life, which appear in the 
Cambrian epoch, exhibit the same phyletic distinctions as now 
exist. Sponges, Echinoderms, Mollusca, and Worms, formed 
already, in those immeasurably remote ages, groups apparently 
as generally distinct from one another as they are at the present 
time. It would seem that any theory of development, which 
confidently teaches the derivation of any one of these groups 
from any other, is, in the present state of the evidence before us, 
hazardous in the extreme. 

Some indications of relationship, which must not be pushed 
too far, may be drawn from a consideration of embryonic re- 
semblance. An especial characteristic of the Mollusca is the 
possession of a particular form of larva, which occurs in one of 
the stages of development, known as the trochosphere {ssq p. 130). 
This form of larva is shared with two orders of Annelida, the 
Chaetopoda and the Gephyrea armata, and, in all probability, 
with the Polyzoa as well. It may also be significant that the 
adult form in Botifera bears a close resemblance to the trocho- 
sphere larva in those groups. 

Basis of Glassification. — The Mollusca are divided , into 
four great Orders — Cephalopoda, Gasteropoda, Scdphopoda, 
and Pelecypoda.^ Each name, it will be noticed, bears reference ' 
to the ‘ foot,’ i.e. to the organ of motion which corresponds in 
function to the foot in the Vertebrata. 

In the Cephalopoda the feet, or, as they are more frequently 
termed, the ‘ arms,’ are arranged symmetrically round the head 
or mouth. The common forms {Octopus, LoU^) 

are familiar examples of Cephalopods. ' 

The Gasteropoda crawl oh the flat under-surface or ‘mle’ 

^ head; yaaHjp, stomach; trKdimw, to dig; niKexvst an.axey ^roOs, 

iro56s, a foot. \ - * 
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of the foot. Snails, slugs, sea-hares, whelks, periwinkles, and 
eoats-of-iiiail or chitons are examples of this Order. 

The Scaphopoda possess a long tubular shell open at both 
ends ; witli their small and elongated foot they are supposed to 
dig into the mud in which they live. The common IJentalmm 
or tusk-shell of our coasts is a representative of this Order. 



Frcj. 1. — Examples of the four 
Ordei*s : A, Cephalopoda ; 
B, Gasteropoda ; C, Scapho 
poda, and D, Pelecypoda. 

A, Ommmtrephes sa{jiU(Utis 
Lam., Naples : r/, arms 

surrounding the mouth ; 
funnel ; the two ‘ tentacu- 
lar ’ arms, x f . B, Bweinmn 
undatum L., Britain: /, foot; 
jpr, proboscis, x C, Den- 
tcUium entalis L., Norway : J\ 
foot. D, Carditm ofdontjuin 
Chein., Naples: /, foot; ft, 
efferent or anal siphon ; 
afferent or branchial siphon, 
xl. 


The Pelecypoda ^ are enclosed in a liivalve shell lasteiied by a 
miLscular hinge, the adjacent part of the valves being generally 
more or less toothed ; the foot is as a rule rouglily comparalde 
to the shape of an axe-head. 

To these four Orders is frequently Jidded a fifth, the Pteropoda, 
whose exact position is at present not absolutely settled. 11ie 
I’teropodta are ‘pelagic,' i.e, they live in the open waters of the 
ocean, rising to the surface at night, and sinking into cooler water 
by day. They are provided with a pair of wing-like appendages 

^ Also known as LamellibranMcUaf Conchifera and Acephala. 

® vrepbv, wing. 
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or ‘ feet/ on each side of the head, by means of which they are 
enabled to swim. Some authorities regard the Pteropoda as a 
subdivision of Gasteropoda, others as forming a separate Order, 
of equivalent value to the other four. The question will be 
further discussed below (see chap, xv.), but for the present it will 
be suihcient to state that the weight of evidence appears to 
show that the Pteropoda are modified Gasteropoda, with special 
adaptations to pelagic life, and are therefore not entitled to rank 
as a separate Order. 

Some writers conveniently group together the first three of 
these Orders, the Cephalopoda, Gasteropoda, and Scaphopoda, 
under the title Glossophora,^ or Mollusca furnished with a 
radula or ribbon-shaped 'tongue/ set with rows of teeth and 
situated in something of the nature of a head, as distinguished 
from the Aglossa (or Lipocepheda)? i.e. those Mollusca which 
have no radula and no head. To the latter belong only the 
fourth Order, the Pelecypoda. This view postulates, for the 
primitive ancestral Mollusc, a body with a more or less developed 
head, and possibly the rudiments of an apparatus for grinding 
or triturating food. This form, it is held, either developed or 
degenerated. In the former case, in consequence of the more 
active mode of life upon which it may be supposed to have 
entered, it gave rise to all the more highly organised forms 
which are grouped under the three great Orders. When, on the 
other hand, the ancestral form associated itself with an inactive 
or sedentary life, it was, we may believe, modified accordingly, 
and either lost by atrophy or failed to acquire those special 
points of organisation which characterise the highly-developed 
form. Hence the Pelecypoda, or bivalves, whose characteristic 
is. the absence of any definite cephalic region or masticatory 
apparatus. It is a remarkable fact in support of this theory 
of tlie origin of the Aglossa that certain of their larvae are 
known to possess traces of higher organisation, e.g. an external 
mouth and eyes, the former of which becomes covered by the 
mantle lobes, while the latter disappear long before the adult 
stage is reached. 

^ tongue ; to carry. Xelveivt to be wanting. 
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Thus we have 

MOLLUSCA 


Glossophora Aglossa 


Cephalopoda Gasteropoda Scaphopoda Pelecypoda 

Glassification of Gasteropoda. — The Gasteropoda are nu- 
merically very largely in excess of the two other Orders of the 
Glossophora, far more complicated as regards classification, and 
contain a large proportion of those examples of the Mollusca 
which are most familiar to the ordinary observer. It will there- 
fore be convenient to postpone for the present a fuller discussion 
of the subdivisions of the Cephalopoda and Scaphopoda, as well 
as of the Aglossa, returning to them again in special chapters 
(chaps, xiii. and xvi.), and to devote a few introductory words to 
the classification and relations of the Gasteropoda. 

The Gasteropoda are divided into four Classes, Amphineura, 
Prosohranchiatay Opisthohranchiata, and Puhaonata. 

(1) The Amphineura'^ are bilaterally symmetrical Mollusca, 



Fig. 2 . — An example of the 
Polyplacophora : Chiton spin- 
08U8 Brag. 


11 

i.e. with organs either single and central, or paired and disposed 
on either side of the longer axis of the animal. The shell, when 

^ d/i0£, on both sides ; vevpov, nerve, vessel. Some authorities regard the 
AmplUneura as a distinct Order. 
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present, is never spiral, but consists of eight overlapping plates, 
kept together hj an elliptical girdle. The Amphineura are 
divided into (a) Folyplacophora} or Chitons, and (b) Aplacophora 
(Chaetodervia and Neomenia). 

(2) The Frosobranchiata^ are so named from the fact that 
the breathing organ (branchia or ctenidium is as a rule situated 
in front of the heart, the auricle at the same time being in front 
of the ventricle. They are asymmetrical, almost always furnished 
with a shell, which is at some time spiral, and with an operculimi. 
The sexes are separate. They are either marine animals, or 
can be shown to be more or less directly derived from genera 
which are marine. They are divided into (jci) Diotocardia^ 
(Jfnliotis, Fissurella, Trochus, Nerita, Fatellct), which have, or 
wliose immediate ancestors are believed to have had, two 
auricles to the heart, two sets of breathing organs, two kidneys, 
but no proboscis, penis, or 
siphon, and (6) Monoto- 
cardia^ in which the heart 
has only one auricle, the 
true breathing organ is 
single, and there is a single 
kidney. To this division 
belong the great majority 
of marine univalve Mol- 
lusca, e,g. Cypraea, Bucci- 
num, MureXy Littorinay 
lanthinay all the land and 
fresh - water operculates 
{Cyclostomay Mclaniay Fa~ 
ludimiy etc.), as well as the Heteropoday which are a group of 
Prosobranchiata which have betaken themselves to a pelagic life. 

(3) In the Opisthobrwnxhiata^ the breathing organs (when 
present) are behind the heart, and the auricle of the heart is 
consequently behind the ventricle. They are asymmetrical 
marine animals'; usually, but by no means always, without a 
shell, scarcely ever with an operculum in the adult state. The 

^ ToXiJf, many ; irXdf, plate. 

^ Trp6auy in front. Often alluded to in the sequel as * operculate Gasteropoda.’ 

* KTeviSiO¥y a little comb. * Ww, two ; fA^os, single ; t&ra, auricles ; KapSla, heart. 

® eirurBevy behind. 


If 

/ 



Fig. 4. — Example of a Heteropod, Carinarm 
mediterranea Lam., Naples : a, anus ; br, 
branchia ; /, foot ; t, intestine ; m, mouth ; 
py penis ; s, sucker ; sh, shell ; tentacles. 
X J. The animal swims foot uppermost. 
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sexes are united in the same individual. The OpistholraTichiata 
fall into two divisions : (a) TectibrancAiala, in which the breathing 
organ is more or less covered by the mantle, and a shell is 
usually present, which is sometimes rudimentary, e.ff. Bulla, 




Fia. 6. — A, A Toctibran- 
chiate Opisthobraiich, 
Umfrrdla mediterra'- 
nca Lam., Naples : a, 
anus ; br, braiichia ; /, 
foot ; 7«, mouth ; rh, 
rhinopliores ; sh, shell. 

B, A Pteroj^od, Ilya- 
laea tridentata Forsk., 
Naples : nh, shell ; Z, I, 
swimming lobes of foot. 

C, A Niidibranchi- 
ate Opisthobraiicli, Ae- 
olis peregrina, Naples ; 
/, foot ; c, cerata. 


Aplysia, Umbrella, and the whole group of Pteropoda ; (&) Nudi- 
Irranchiata, or sea slugs, which have no shell and no true 
ctenidia, but breathe either by the skin, or by ‘cerata’ or 
papilliform organs prominently develoj)ed on the back : ejj, 
Doris, Aeolis, Dendronotus, 

(4) The Pulmonata^ are asymmetrical air-breathing non- 



Fio. 6. — Examples of — A, Pulmonata Basommatophora, the common Limnaea 
peregra Mull. : e, e, eyes ; t, t, tentacles. B, Pulmonata Stylommatophora, 
Helix hortenaia Miill. : e, e, eyes ; t, t, tentacles ; p, o, pulmonary orifice (the 
position of the pulmonary orifice in Limnaea will be seen by reference to 
Fig. 101). 

marine Mollusca, generally, but not always, furnished with a 
shell. The sexes are always united in the same individual, and 
the operculum is always wanting, except in Amphibola. They 


Pulmo, a lung. 
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are conveniently divided into Stylommatoiihora} in which the 
eyes are at the tip of the upper tentacles, which are retractile 
{Helix, Limax, Bulimus, and all true land slugs and snails), and 
Basommatophora, in which the eyes are at the base of the 
tentacles, which are not retractile {Limnaea, Planorhis, Physa, 
and all the Auriculidae). 

Tims we have 


Gasteropoda 


/ Amphineum 




Prosobranchiata 


I Opisthobranchiata 


I 


Pnlmonata 


f Poly placopli ora 

\Aplacophora 

/Diotocardia 

\Monotocardia (inch Heteropoda) 
/Tectibraiichiata (incl. Pteropoda) 
\Nudibranchiata ^ 

( Sty lorn matophora 
\ Basommatopliora 


The relation of the four great Orders to one another will be 
better discussed when we come to deal with each Order 
separately. The problem of the origin and mutual relationsliip 
of the various forms of molluscan life is of extreme subtlety, and 
its solution can only be approached after a comprehensive 
survey of many complicated anatomical details. But there is 
one branch of the Mollusca — the land and fresh-water genera — 
whose origin is, comparatively speaking, of recent ^date, and 
whose relationships are therefore less likely to have suffered 
complete obliteration. 

Origin of the Land and Fresh-water Mollusca. — Tiie 
ultimate derivation of the whole of the land and fresh-water 
molluscan fauna must, as has already been remarked, be looked 
lor in the sea. In certain cases the process of conversion, 
if it may be so termed, from a marine to a non-marine genus, 
is still in progress, and can be definitely observed; in others 
the conversion is complete, but the modification of form has 
been so slight, or the date of its occurrence so recent, that 
the connexion is unmistakable, or at least highly probable; 
in others again, the modification has been so great, or the 
tlate of its occurrence so remote, that the actual line of deriva- 
tion is obscured or at best only conjectural. 

This passage from a marine to a non-marine life — in other 


^ otOXos, pillar ; dfifiara, eyes. 

* The Ascoglossa are dealt with below (chap. xv.). 
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words, this direct deriviition of iion-inarine from marine genera 
— is illustrated by tlie fnnnal phenomena of an inland laackish- 
water sea like the Oispiaii, which is known to have l)eeu 
originally in connexion witli the Mediterranean, and theref<.»re 
originally supported a inarine fiiuiia. Tlie Mollusca of the 
(■aspian, although without exception Imickisli- or fresh-water 
species, are in their general facies distinctly marine. Of tlu‘ 2() 
univalve species which inhabit it 19 belong to 4 peemliar genera 
{^^icromclaniay Casjna, Clcssinia, Ninnature/la), all of wliicli are 

inoditied forms of tlie marine 
lUsso iff. a e, Th e c 1 1 arac t lU'- 
istic Invalves Tielong to the 
genera Adacnn, .Didacna, 
and Monodnv.nay all of 
whi(*h can be shown to 1)0 
derived from the common 
nardlum edulc. A\"e liave 
here a (*ase whcr(‘. complete 
isolation irom the sea, 
combined lU) doul)t with 
a gradual freshening of tlie 
water, has resulted in the 

Fig. 7. — A, tlie coiiinioii cocklo (Vardhim development of a nuillbei* 

edide L.). B, Adacna, plicata Eicliw., new genera. The sillgll- 
Caspian Sea. C, JJidacna trigonoides , . ^ . 

Caspian Sea. laiiv marine lacies ot several 

of the fresh -water genera, 
now inhcxbiting Liike Tanganyika, lias given rise to the belief, 
among some authorities, that that lake was at one time an 
inlet of the Indian Ocean. In the upper waters of the Baltic, 
marine and fresh-water Mollusca Uourisli side by side. So 
complete is the intermixture, that an observer who had lived 
on no other shores would probably lie unable to separate the 
one set of species from the other.^ Thus between Dragf) and 
Bapenwick^ Mytilus edvUs, Cardium edulc, Tellinu Imlthica, 
Mya areimriay Littorina rudis, and Hydrohia lalthicn- are the 
only true marine species ; with these live Unio, Cyclas, Keritinay 
hirnnaeay and Bithynia, The marine species and Neritinti live 

^ Bcudant, by very gradually changing the water, accustomed marine s]>ecics to 
live in fresh, and fresh-water species to live in salt water. 

*■* Kraun, Arch, /. NcUurIc, Liv, (2), x. p. 102 f. 
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down to 15-20 fatli., the rest only down to 3 fath. Under stones 
close to the shore of the Sk^gard at Stockholm ^ are found young 
Cardium and Tdlina, and at 3 to 6 fath. Limnaea peregra, and 
Physa fontincdis. Near Gothland Limnaea is found in the open 
sea at 8-12 fath., and with it occur Cardium and Tellina. At 
the Frisches Haff^ My a arenaria is the only marine species, 
and lives in company with 6 sp. Limnaea, 1 Physa, 9 Planorbis, 
1 Ancylus, 4 Valvata, 2 Sphaerium. Were the Sound to become 
closed, and the waters of the Baltic perfectly fresh, it would 
be inevitable that Mya arenaria, and such other marine species 
as continued to live under their changed conditions, should in 
course of time submit to modifications similar in kind to those 
experienced by the quondam marine species of the Caspian. 

It seems probable, however, that the origin, at least in 
a great part, of the land and fresh -water MoUusca need not 
be accounted for by such involuntary changes of environment 
as the enclosure of arms of the sea, or the possible drying 
up of inland lakes. These cases may be taken as illustrations 
of the much more gradual processes of nature by which the 
land and fresh -water fauna must have been developed. The 
ancestry of that faima must be looked for, as far as the 
Gasteropoda are concerned, in the littoral and estuarine species ; 
for the Pelecypoda, in the estuarine alone. The effect of the 
recess of the tide, in the one case, and the effect of the reduced 
percentage of salt, in the other, has tended to produce a gradual 
adaptation to new surroundings, an adaptation which becomes 
more and more perfect. It may be safely asserted that no 
marine species could pass into a land or fresh -water species 
except after a period, more or less prolonged, of littoral or 
estuarine existence. Thus we find no land or fi^sh- water 
species exhibiting relationships with such deep-sea genera 
as the Volutidae, Cancellariidae, Terehridae, or even with genera 
trenching on the lowest part of the littoral zone, such as the 
Haliotidae, Gonidae, Olividae, Gapulidas. The signs of connexion 
are rather with the Neritidae, Cerithiidae, and above all the 
Littorinidae, which are accustomed to live for hours, and in the 
case of Littorina for days or even weeks, without being moistened 
by the tide. Similarly the fresh -water Pelecypoda exhibit re- 

^ Lindstrom, Otf. K, Vet, Fdrh, Stockh.t 1855, p. 40. 

® Meiidthal, Schr, Ges, Kdnigsh,^ xxx. p. 27. 
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lationships, not with genera exclusively marine, but witli genera 
known to inhabit estuaries, such as the Mytilidae, Corhulidaey 
Cardiidae. 

It would be natural to expect that we should hnd tliis 
process of conversion still going on, and that we should be 
able to detect particulai' species or groups of species in process 
of emigration from sea to land, or from sea to fresh water. 
Such species will be intermediate between a marine and a 
land or fresh -water species, and difficult to classify distinctly 
as one or the other. Cases of Mollusca occupying this interme- 
<liate position occur all over the world. They inhalnt brackish 
swamps, damp places at high-water mark, and rocks only at 
intervals visited by the tide. Such are Fotamides, Assiminea, 
Siphonaria, MelampuSy Hydrobia^ Tmiwatellay among the uni- 
valves, and many species of Cyrena a,nd Area among the 
l)i valves. 


Origin of the Fresh- water Fauna 

(n) Pelecypoda. — Estuarine species, which have be(?omo 
accustomed to a certain admixture of fresh water, liave gradually 
ascended the streams dr been cut off from the sea, and have, at 
last become habituated to water which is perfectly fresli. 



B 

Fii;. 8 . — K, The common MytUus edtdis 
L., a marine genus, mnd species. B, 
I)rei$8enaia, a fresh- water genus, closely 
allied to Mytiltis, 



A B 


Fio. 9. — A, Area naviceila Reeve, 
Philippines, a marine species. B, 
Area (ScaphiUa) pinna Bens., K. 
Tenasserim, a fresli - water species 
which lives many miles above the 
tide-way. 



Thus Dreissensia (rivers and canals throughout N. ]5iirope 
and N. America) and Mytilopsis (rivers of America) are 
scarcely modified Mytili (Fig. 8) ; Seaphida is a modified Area, 


ORIGIN OF FRESH-WATER BIVALVES 


IS 


uiid lives in the Ganges, the Jumna, and the Tenasserim at 
a distance of 1600 miles from the seafFig. 9). Pholas rivicola 
is found imliedded in floating wood on the R. Rantai many 
miles from its mouth. Cyrena^ Corhiculay and probably Sphaermm 
and Pisidium are derived, in different degrees of removal, from 
the exclusively marine Veneridae ; Potamomya (rivers of S. 
America), and Himella (R. Amazon) are forms of Corlmla. 
The Caspian genera derived from Canrdium (Adacna, DidaenHy 
}ronodacna\ have already been referred to. Nausitora is a 
form of TeredOy which lives in fresli water in Bengal. Ranguty 
Fisclieriay and Galatea probably share the derivation of tlie 
Cyrenidae, while in Iphigenia we have onK of the Donacidac 
which has not yet mounted rivers, but is confined to a strictly 
<3stuarine life. The familiar Scrobicularia piperata of our own 
estuaries is a Tellinay which lives by preference in brackish 
water. 

The great family of tlie Unionidae is regarded by Neumayr * 
as <lerived from Trigoniay the points of 
similarity being the development of a 
nacreous shell, the presence of a strong 
(ipidermis, and the arrangement of the 
muscular scars. It is remarkable, too, 
that on many Uniones of Pliocene times 
there is found shell ornamentation of such 
a type as occurs elsewhere among the 
Pelccypoda only on Trigowia, 

The genera of fresh-water l^elecypoda 

are comparatively few in number, and Fkj. pec- 

, IT *11 tinata Lani., Sydney, 

their origin is tar more clearly discernible N.S.W. • 

than that of any other group. This is 

perhaps due to the fact that the essential changes of structure 
recpiired to convert a marine into a fresh-water bivalve are but 
slight. Both animals “breathe water,” and lioth obtain their 
nutriment from matter contained in water. Similar remarks 
apply to fresh-water operculate Gasteropoda. But the passage 
trom a marine to an aerial life involves much profoimder changes 
of environment, which have to lie met by correspondingly im- 
portant changes in the organism. This may be in part the 

* SB, K, Akad, IViss, IVien, 1889, 4, but the view is not universally 

accepted. 
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reason wliy the aiicestiy of all rulinouata, whether land or fresli- 
water, is so difficult to trace. 

(6) Gasteropoda. — (l) Ojierculatc. Oanidia Clea are 
closely allied, with but little modification, to 

§ the marine Gomiiiella^ 11)> 

Nassodonta to Ndssa. They occur (in fresh 

water) in the rivers of India, Tndo-China, Java, 

and Borneo, associated with essentially fresli- 

water s[)ecies. Fotamides, with its various 

subgenera {Telescojimmy Pyrazus, PireneUa, 

^ Cerithide(t,etii.),iM. of which inhabit swamps and 

mudflats j'ust above high-water imirkiii sll warm 

which’ is probably countries, are derived from Cerithium ( Kig. 12); 

derived B, Clea, a jissiminca, Hydrobiu, and perhaps Tru7icalell<t , 
genus occurring only t*. • i m ^ 4 ' 

in fresh water. Iroiii Minsoa, It IS a remarkable fact tliat in 

Geomelania (witli its subgenera Chittya and 

BlwadielUi) we . have a form of Trumatella which lias entirely 




Fig. 12. — A, Cerithium columna ^o\9h, (marine). B, Potamides ^nicropiera Kxew. 
(brackish water). C, lo spinosa Lea, one of the Pleuroceridae (fresh water). 


deserted the neighliourhood of the sea, and lives in wood}' 
mountainous localities in certain of the West Indies. Cremno- 
concdiv^y a remarkable shell occurring only on wet cliffs in the 
ghS.ts of southern India, is a modified Littorina. Neritina and 
^erita, form a very interesting case in illustration of the whole 
process. Nerita is a purely marine genus, occurring on rocks in 
the littoral zone ; one species however {N, lineata, Chem.) ascends 

^ Ifot to Ncisaa, os has been generally held. The shape of the opcrculuni, and 
particularly the teeth of the radula, show a much closer connexion with Coniinelhu 
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rivers as far as 26 miles from their mouth, and others haunt 
marshes of brackisli water. Neritina is the fresh- water form, 
some species of which are found in brackish swamps or even 
creeping on wet mud between tide marks, while the great 
lufc^jority are Iluviatile, one group (^Neritodryas) actually occurring 
in tlie Philippines on trees of some height, at a distance of a 
quarter of a mile from any water. Navicella is a still fiirtlier 
modified form of Nerithui, occurring only on wet rocks, branches, 
etc., ill non-tidal streams (Pig. 13). 



Fid. 13 . — Illustratiiig llie dcveloptnent of the fresh-water gcjiiiis Navicella^ througli the 
brackish-water Neriiiiia, from the marine Nenta, with corresponding changes in the 
operculum. 1. Nerita ; 2, 3. Neriiiria; 4. Neritina^ intermediate form; 5, 6, 
yavicdla. 

The great family of the Melaniidae, which occurs in the 
rivers of warm countries all over tlie world, and that of the 
Pleuroceridae, which is confined to Nortli America, are, in all 
probalulity, derived from some form or forms of Cerithium, The 
origin of the Paliidinidae, Valvatidae, and Ampullariidae i^ more 
doubtful. Tlieir migration from the sea was probably of an 
early date, since the first traces of all three appear in the lower 
Cretaceous, while Melaniidae are not known until Tertiary times. 
Ampullaria, however, shows distinct signs of relationship to 
Natica, while the affinities of Paludina and Valvata cannot as 
yet be approximately affirmed. 

(2) Pulmonata, — Intermediate between the essentially fresh- 
water and the essentially marine species come the group some- 
times known as Gehydrophila, consisting of the two families 
Auriculidae and Otinidae. These may be regarded as Mollusca 
which, though definitely removed froiii all marine species by the 
development of a true lung or lung cavity in place of a gill, 
VOL. Ill ^ 
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have yet never become, in resi)ect of habitat, genuine fresh- 
water species. Like Potamides, they haunt stilt niarslies, man- 
grove swamps, and tlie region 
about high-water mark. In some 
cases {Otina, Melmrqms, Pcdipcs) 
they live on I’ocks which' are 
moistened, or even bathed by the 
spray, in others (Cassidukty Atiri- 
cilia) they are immersed in some 
depth of brackish water tit high 
tide; in otliers again (ASca7'ahns) 
they arc more definitely terres- 
trial, and live under dead leaves 
in woods at some little distance 

FW. 14 .-Exaiupief. of the Auriculidae : wa^r. Indeed One genus of 

A, Auricula Ju^ Lam., Borneo; diminutive size (CarycMum) lias 

B, Scarabus, Leasoni Blaiiiv., E. i i i i i .1 >1 

Indies ; c, Caaaidula imistdina Completely abandoned the neigli- 

DesK, N. Zealwid ; D, Meiampiis bourhood of the sea, and inhabits 
casiaiieus Mtihlf., 8 . Pacinc ; E, 1 1 n 

Pedipes quadridma Pfr., Jamaica. SWaiUpy ground almost all over 

the world. 

To this same ^ection Gehydrophila have been assigned two 
remarkable forms of air-breathing "limpet,” Siplionnrixi and 
Gadinia (see page 151), and the aberrant Amphibola, a unique 
instance of a true operculated puhnonate. SipJio- 
wiria possesses a pulmonary cavity as well as 
a gill, while Gadinia and Amphibola are ex- 
clusively air-breathing, Siphonaria \\y&& on 
rocks at or above high-water mark, Gadinia 
between tide marks, Amphibda 15) in* 

brackish water at the estuaries of rivers, half 
buried in the sand. There can be Uttle doubt 
that all these are marine forms which are 
gradually becoming accustomed to a terrestrial nate which pos- 
existence. In and the pro- au opercu- 

cess is so far^ complete that they have ex- 
changed gills for a pulmonary jeavity, wj[iile in Siphonaria 
we have an intermediate stage in which both organs exist 
togetjier. A curious ^parallel to is found in the case of 
AmpuUaria, which is furnifillied with tvro gills and a pulmonary 
chamber, and breathes indifferently air and water. It is a little 
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remarkable that Siphonaria, which lives at a higher tide level 
than Gadinia, should retain the gill, while Gadinia has lost it. 

The ultimate affinities of the essentially fresh-water groups, 
Limnaea, Physa, Ohilina, cannot be precisely affirmed. The form 
of shell in Latia, Gundlaehia, and perhaps Aneylus, may suggest 
to some a connexion with the Otinidae, and in Chilina, a similar 
connexion with the Auriculidae. But, in a question of deriva- 
tion, similarities of shell alone are of little value. It is not a 
little remarkable, for instance, that we should find a simple patelli- 
form shell in genera so completely distinct from one another in all 
anatomical essentials as Aneylus, Patella, Siphonaria, Propilidium, 
Hipponyx, Coeevlina, and Umirella. 

Some recent authors, on grounds of general organisation, 
regard the Limnaeidao and their allies as Opisthobranchs 
adapted to an aerial life. It is held ^ that the Nudibranchiate 
Opisthobranchs have given birth to the Vulmonata Stylommato- 
phora or land snails, and the Tectibranchiate Opisthobranchs to 
the' Fulmonata Basommatophora or fresh-water snails. Such a 
view seems at first sight open to some objection from other views 
than those which deal simply with anatomy. The Opistho- 
branehiata are not, to any marked extent, littoral genera, nor do 
they specially haunt the mouths of rivera On the contrary, 
they inhabit, as a rule, only the very lowest part of the littoral 
zone, and are seldom found, except where the water is purely 
salt. In other cases, when the derivation of land or fresh-water 
genera is fairly well established, intermediate forms persist, 
which indicate, with more or less clearness, the lines along which 
modification has proceeded! It has, ho'wtiver, recently been 
shown that Siphonaria ^ and Cfadiniaf which have, as, has been 
already mentioned, hitherto been citified as Pvlmonada, are in 
reality modified forms of Opistliobranchiata, which are ih process 
of adaptation to a life partly marine, partly on land. They may 
therefore be regarded as supplying \the link, hitherto missing, 
between the land Pvlmonaia and the' marine groups from one or 
other of which the latter must have^ behn derived. The general 
consensus of recent opinion* mdihes towards accepting these 
views, some writers **being content to regard the Pvlmonaia, as 

' ' ' * B,g. Bouvier, i)< Naturai. 1889, f. 242. 

. * KShler, Zool. Jahrb. viL 1898, p. 1 f ; Hslletii Art). Zo^. ImL Wim, x.. p. 71. 

. ■ * Plate, SB. ken. 'Breuu. Ak.^ Win. Seri. 1898, p. 969.' 7 

* E.g. Felseneer, Bull, So, f’ranee Stlg. xsiv. p. 347 f. 
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a whole, as derived from the Tectibraiichiate Opisthobraiichs, 
while others ^ go further and regard the Stylommatophora as 
derived directly from the Easommatophora. 

Origin of the Land Fauna 

Gasteropoda. — (1) Opercidate. On a priori grounds, one 
might predict a doulde origin for laud operculatcs. Marine 
species might be imagined to accustom themsdves to a terres- 
trial existence, after a period, more or less prolonged, of littoral 
probation. Or again, fresli-water species, themselves ultimately 
derived from the sea, might submit to a similar transformation, 
after a preliminary or intermediate stage of life on mudbanks, 
wet swamps, branches overhanging the water, etc. Two great 
iamilies in this group, and two only, seem to have undergone 
these transformations, the littorinidae and the Neritidae. The 
derivation of almost all existing land operculatcs may be reierrecl 
to one or other of these groups. 



Fia. 16. — Two rows of the radnla of Litiorina littorea /*., x 72. 

The power of the Littorinidae to live for days or even weeks 
without being moistened by the sea may be verified by the most 
casual observer. In the tropics this power seems even greater 
than on our own shores. I have seen, in various parts of 
Jamaica, Littoriim muricata living at tlie top of low clifis among 
grass and herbage. At ranama I have taken three large species 
of TAttorina {varia, fasciaia, pulchra), on trees at and above 
high-water mark. Cases have been recorded in which a number 
of Z. muricata^ collected and put aside, have lived for three 
months, and Z. irrorata for four months.*^ These facts are 
significant, when we know that the land opercidates almost 
certainly originated in a tropical climate. 

* Kg, Hergh, ZooL Jahrh, v. p. 1 f. 

* Calkins, Amer, Nat. xi. p. 687. 
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Tlie Cyclophoriclac, Cyclostomatidae, and Aciculidae, which, 
as contrasted with the other land operculates, form one group, 
have very close relations, particularly in the length and foriiiatioii 
of the radiila; or lingual ribbon, with the Littorinidae. 



Fro. 17. — Two rows of the radula of Cyclophorus sp., India, x 40. 

On the other hand, the Ilelicinidae, Hydrocenidac, and 
Proserpinidae are equally closely related to Neritina, The 
Proscrpinidae (restricted to the Greater Antilles, Central America 
and Venezuela) may perhaps be regarded as the ultimate term 
of the series. They have lost the characteristic operculum, 
whicli in their case is replaced by a number of folds or lamellae 
in the interior of tlie shell. Tt has already been noticed ho\y 
(Uie group of Neritina {Ncritodryas) occurs normally out of the 
water. This group furnishes a link tetweeii the fresli-water and 
land forms. It is interesting to notice that here we have tlie 
most perfect sequence of derivatives; Nerita in tJie main a 



Fkj. 18. — A, Neritina reticularis Sowb., Calcutta (brackish water) ; B, Helicina 
neritella Lam., Jamaica (land) ; C, Proserpina (Ceres) eolina Duel., Central America 
(land). 

purely marine form, with certain species occurring also in 
brackish water; Neritina in the main fresh -water, but some 
species occurring on the , muddy shore, others on dry land ; 
Hclicina the developed land form ; and finally Proserpina, an 
aberrant derivative which has lost the operculum.^ 

^ One step even further (or perhaps it should bo termed a branch derivative) is 
seen in the genus Snmragdia, which is probably a Neritina which has resumed a 
purely marine habit of life. 
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Oasteropoda. — (2) Pulmonaia. The origin of these, the 
bulk of the land fauna, must at present be regarded as a problem 
not yet finally solved. Some authorities, as we have seen, regard 
them as derived from the ^N'udibranchiate, others, probably more 
correctly, from the Tectibranchiate Opisthobranchs. 

The first known members of the land Pulmonata (Pupa\t\, 
Hyalinia) are from the Carboniferous of North America. Similar 
but new forms appear in the Cretaceous, from which time to the 
present we liave an unbroken series. The characteristically 
modem forms, according to Simroth,^ are Helices with thick 
shells. According to the same author, Vitrirut and Hyalinia 
are ancestral types, which give origin not only to many modern 
genera with shells, but to many shell-less genera also, e.g. Testa- 
cella is probably derived through Davdebardia from Hyalinia, 
while from Vitrina came Limax and Amalia. A consideration 
of the radulae of the genera concerned certainly tends in favour 
of these view& 

Godwin -Austen, speaking generally, considers ® genera of 
land Pulmonata with strongly developed mantle-lobes and rudi- 
mentary shell as more advanced in development than genera' 
in which the shell is large and covers all or nearly all the 
animal. 


^ SB. Naturf, Oesell. Leipz. 1886-87, pp. 40-48. 
- L, aivA F, W, Moll, of India^ iv. p, 167. 




CHAPTER II 


LAND AND FRKSII-WATKR MOLLUSCA, THEIR HABITS 
AND GENERAL ECONOMY 

The majority of the Land Mollusca are probably more sensitive 
than is usually believed. The humidity of the air must affect 
the surface of their skin to a considerable extent. Every one 
Jias noticed how the snails "come out’ on a damp evening, 
especially after rain. As a rule, they wait till rain is over, 
probably objecting to the patter of the drops upon their delicate 
tentacles. Snails kept in captivity under a bell-glass are acutely 
sensitive of a damp atmosphere, and will bestir themselves after 
rain just as if they were in the open air. Certain Helices which 
are accustomed to live in moist places, will find their way to 
water, if removed from their usual haunts. A case is recorded ^ 
of a specimen of IL arbustorttm, kept in a kitchen, which used 
to find its way directly under the cold water tap, and appeared 
to enjoy the luxury of a douche. How delicately the conditions 
of life are balanced in some of these creatures is seen in the case 
of Omalonyx, a genus akin to Succinea, which is found in Brazil 
and the northern parts of South America. It lives, creeping on 
I)lants which overhang the margin of water, but perishes equally, 
if placed in the water itself, or removed to a distance from it for 
any length of time.^ 

Endurance of Heat and Gold. — The MoUusca are capable, 
at least as far as some species are concerned, of enduring severe 
extremes both of cold and heat. The most northern pulmonate 
yet observed is a fresh-water species, Physa (Aplecta) hypnorum L. 
This hardy mollusc, whose shell is so fragile as to need most 
careful handling, has been noticed . on the peninsula of Taimyr, 

^ T. Scott, J<mrn, of Conch, v. p, 230. * J. S, Gibbons, ibid, ii. p. 129. 
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North Siberia, in 73” 30' N. lat., a region whose mean annual 
temperature is below 10” F. with a range of from 40* F. in July 
to ^ 30” F. in January. 

It is well known that the limnaeidae, and probably most 
Iresli-water Mollusca of sub-temperate regions, can continue to 
live not merely under, but enveloped in ice, and themselves 
frozen hard. Gamier relates^ that, during the winter of 1829- 
30, some large Limnaea auricularia, which had been placed in a 
small basin, were frozen into a solid mass, experiencing a cold 
of — 2” F. He supposed they were dead, but, to his surprise, 
when the basin thawed, the Limnaea gradually revived. Palvdina 
vivipara and Anodonta anatina have been known to resist a 
temperature of 23” F., and the former has produced young shortly 
after being thawed out of the icc.* As far north as Bodo in 
Norway (67” 37' N. lat., well within the Arctic circle) there 
are found no less than fourteen species of terrestrial Mollusca, 
among them being Bctlea perversa and Clausilia rugosa? 

Vitrina is one of our most hardy molluscs, and may be 
observed crawling on bright mornings over the frost -covered 
leaves of a wood or copse. V. glaciaiis is said by Charpentier 
to live in the Alps at a height where the stones are covered witli 
snow from nine to tfen months of the year. Many of the Hyaliniae 
are very hardy. Arion, in spite of having no external shell to 
protect it, is apparently less affected by the cold than Helix, and 
does not commence hibernation till a later period in the autumn. 
The operculate land Mollusca, in spite of the protection which 
their operculum may be supposed to afford, are exceedingly 
sensitive to cold, and the whole group is without doubt a product 
of tropical or semi-tropical regions (see map at frontispiece). A 
species of Helieina which inhabits the southern States of North 
America has been known to be almost exterminated from certain 
districts by the occurrence of an unusually severe winter. 

One of the highest altitudes at which a land shell is known 
to live appears to be the liti Pass (Himalayas, 14,000 ft.). At 
this enormous ^titude, two species of Bvlimiims (arcuatus Hutt. 
and nivieola Bens.) live on juniper bushes among patches of 
snow. An Anademis is said to have been found in a similar 

^ JBM Soc^ Linn. Nord, Abbeville, 1840, p. 150. 

^ Joly, CompUa Rendus^ 1842, p. 460 ; compare W. A. Gain, Science Oossip, 
xx.vii. p. 118. * Von Martens, SB, Nat. Fr, Berl, 1881, p. 3^. 
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locality at 16,000 ft., while Limnaea Hookeri has been taken 
from over 16,400 ft. in Landour. In the Andes of Peru and 
Bolivia, five species of Bvlim/ului, one of Pupa, and one of Liman 
occur at an elevation of 10,500 to 15,000 ft. Several fresh- 
water MoUusca inhabit Lake Titicaca, which stands at a< height 
of 12,550 ft. in the Bolivian table-land. 

In certain parts of the desert of Algeria, where there is not 
a trace of vegetation to he seen, and the temperature at mid-day 
is 110° F., the ground is sometimes so covered with JSelin laciea 
as to appear perfectly white. Dr. F. II. H. Guillemard has told 
me that he noticed, in somewhat similar surroundings between 
Fez and Tangier, IT. pisana in such extraordinary abundance 
that they hung from the low scrub in bunches the size of a man’s 
two fists. It is singular that Mollusca should live, and not 
only live, but flourish, in localities apparently so unpromising. 
Shells which occur in the Algerian Sahara arc actually larger 
and altogether finer than the ordinary European form of the same 
species. In order to protect themselves to some extent against 
the scorching heat and consequent evaporation, desert species 
are frequently modified in one of two ways ; the shell becomes 
either white or a light dusky brown, as in the familiar Belin 
desertorum, or else it gains immensely in thickness. Specimens 
of JET pomatia, recently procured from Fez, are of extraordinary 
thickness as compared with forms from our own chalk downs of 
Kent and Surrey. 

Fresh -water Mollusca are frequently found inhabiting hot 
springs. Thus N&ritina fluviatUis lives at Bagnferes de Bigorre 
in water at about 68“ F. In another hot spring in the eastern 
Pyrenees a Bithynia lives at a temperature of over 73“ F. ; while 
BlainviUe mentions another case of a Bithynia living in water 
at 122“ F. 

’ Hibernation and Aestivation. — As autumn begins to draw 
on, and the first frosts to nip vegetation, terrestrial species retire 
beneath stones, into cracks in old walls, holes in tree trunks, 
deep fissures in rocks, and nooks and crannies of every kind, 
or else bury themselves deeply in the earth or in moss and 
heaps of leavea They thus commence their period of hiberna- 
tion, which varies in length according to the duration of winter. 
Frequently masses of Helices may be found attached to one 
another, probably not so much for the sake of warmth, for their 
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temperature is but low, as to share the comforts of a cosy 
retreat in common. Slugs generally hibernate alone, excavating 
a sort of nest in the earth, in wl^ich they encyst themselves, 
contracting their bodies until they .are almost round, and secret- 
ing a covering of their own slime. The Helices usually close 
up the mouth of their shell by the formation of a membranous 
or chalky epiphragm, which will be further described below. 
Both Snails and slugs take care to be in good condition at the 
time their winter sleep begins, and for this reason the former 
are said to be most esteemed by foreign epicures if captured just 
at this period.^ 

During hibernation, the action of the heart in land Pulmonata 
ceases almost entirely. This appears to be directly due to the 
effect of cold. Mr. C. Ashford has related* some interesting 
experiments made upon H. hortensis and Hyal. cellaria, with the 
view of ascertaining the effect of cold upon their pulsations. 
His observations may be tabulated as follows : — 


Number of pulsations per lulmite. 


Hdix hortensis. 

Hyal. ceUaria. 

At dc^^rees Falir. 

22 

21 

52*^ 

14 

12 

44“ 

10 

11 

38“ 

4 

9 

30“ 


At low temperatures the character, as well as the number of 
the pulsations changed ; they became imperfect and intermittent, 
although exceptionally at 31° F. a Hi rvfeseens gave five or six 
pulsations a minute, very full and deliberate. The result of 
taking the Hycdinia suddenly into the heat of a greenhouse 
was to bring on palpitations. Further experiments resulted in 
evidence of a similar kind. Hyal. radiatvla, placed upon a deal 
table in a room, showed 52 pulsations per minute at 62° F. 
Placed upon the palm of the hand, the action soon rose to 108. 
Hyal. alliaria, similarly treated, rose from 72 pulsations to 110. 
Floated upon water, the action of the heart of the latter suddenly 
fell to 29. 

Fresh-water Pulmonata do not appear to hibernate. Unio 
and Anodonta, however, bury themselves more deeply in the 
mud, and Dremensia casts off its byssus and retires under the 

^ Moquin-Tandon, Moll, de France, i. p. 116. 

* Journ, of Conch, iii. p. 321 f.; iv. p, 13 ; Science Ooss. 1866, p. 158. 
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mud in deeper water.^ Limnaea and Planorhis have often been 
noticed to crawl about under the lower surface of a thick coating 
of ice. In periods of prolonged drought, when the water in 
the ponds dries up, the majority of genera bury themselves in 
the mud. I have known Limnaea peregra bury itself three 
inches deep, when surprised by a sudden fall of the water in 
the ditch on Coe Fen, behind Peterhouse, Cambridge. Physa 
hypnoTum frequents by preference ditches which dry up in 
summer, as does also Planorlis apirorhis, the latter often form- 
ing a sort of epiphragm against evaporation. An/cylus has been 
observed to spend the whole winter out of water, and P. spirorhis 
has been noticed alive after four months’ desiccation.^ 

True aestivation, however, occurs mainly in the tropics, 
where there is no winter, but only a period when it is not quite 
so hot as the rest of the year, or on a coast like the Mediter- 
ranean, whkih is subject to sudden and severe heat. This period 
is usually rainless, and the heat is therefore a dry heat. At 
this season, which may last for three or four months, most of the 
land Mollusca enter upon a period of inaction, either burying 
themselves deeply in the ground, or else permanently attaching 
themselves to the stalks of grass and other herbage, or the under 
sides of rocks. For instance, the large and beautifully painted 
Orthalicus, Corona^ and Porphyrohapke, which inhabit Brazil, 
Ecuador, and eastern Peru, bury themselves deeply in the 
ground during the dry season, while in the rains they climb to 
the topmost branches of the great forest trees.® Thus it may 
well happen that a visitor to a tropical island, Ceylon for 
instance, or one of the Greater Antilles, if he time his visit to 
coincide with the rainless season, may be grievously disappointed 
at what seems its unaccountable poverty in land Mollusca. But 
as soon as the weather breaks, and the moisture penetrates their 
retreats, every bush and every stone, in favoured localities, will 
be alive with interesting species. 

The Epiphragm. — A. considerable number of the land Pul- 
monata (and a very few of the fresh-water) possess the power 
of closing the aperture of their shell by means of what is known 
as an epiphragm or covering of hardened miicus. This epi- 
phragm is habitually formed by certain species during hibernation 

* Reichcl, Zool' Anz. x. p. 488. “ Scliumann, Sclir. Ges. Danz. (2) vi. p. 169. 

® Fischer and Crosse, Mexico^ p. 437. 
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or aestivation, or even during shorter periods of inactivity 
and retirement, the object being, either to check evaporation of 
the moisture of the body, or to secure the animal against the cold 
by retaining a thin layer of slightly warm air immediately 
within the aperture of the shell. 

The epiphragm differs widely in character in different species, 
sometimes {Glausilia, Pupa, Planorlis) consisting of the merest 
pellicle of transparent membrane, while at others {Helix aperta, 
H pomatia) it is a thick chalky substance, with a considerable 
admixture of carbonate of lime, with the consistency of a hard- 
ened layer of plaster of Paris. Within these extremes every 
variety of thickness, solidity, and transparency occurs. During 
long hibernation several epiphragms are not unfrequently formed 
by the same individual snail, one within the other, at gradually 
lessening distances. The epiphragm thus performs, to a certain 
extent, the part of an operculum, but it must be remembered 
that it differs radically from an operculum physiologically, in 
being only a temporary secretion, while the operculum is actually 
a living part of the animal. 

The actual mode of formation of the epiphragm would seem 
to differ in different species. According to Fischer,^ the mollusc 
withdraws into its shell, completely blocking all passage of air 
into the interior, and closing the pulmonary orifice. Then, from 
the middle part of the foot, which is held exactly at the same 
plane as the aperture, is slowly secreted a transparent pellicle, 
which gradually thickens, and in certain species becomes cal- 
careous. Dr. Binney, who kept a large number of Helix IwrleTisis 
in confinement, had frequently an opportunity of noticing the 
manner in which the epiphragm was formed.^ The aperture of 
the shell being upward, and the collar of the animal having 
been brought to a level with it, a quantity of gelatinous matter 
is thrown out [? where from]. The pulmonary orifice is then 
opened, and a portion of the air within suddenly ejected, with 
such force as to separate the viscid matter from the collar, and 
to project it, like a bubble of air, from the aperture. The animal 
’^hen quickly withdraws farther into the shell, and the pressure 
of the external air forces back the vesicle to a level with the 
aperture, when it hardens and forms the epiphragm. In some 

^ Journ. dn Conch, iv. p. 397, but the species observed is not mentioned. 

^ Bull. Mm. C. Z. Hare. iv. p. 378. 
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of the European species in which the gelatinous secretion con- 
tains more carbonate of lime, solidification seems to take place 
at the moment when the air is expelled, and the epiphragm in 
these is in consequence strongly convex. 

Thread-spinning. — considerable number of fresh-water 
Mollusca possess the power of stretching a thread, which is no 
more than an exceedingly elongated piece of mucus, to the 
sm’face of the water, and of using it as a means of locomotion. 
This thread bears no analogy whatever to the fibrous byssus of 
certain bivalves, being formed in an entirely different manner, 
without the need of a special gland. 

The threads are ‘ spun ’ by several species of Limnaea, Fliym, 
and Flanorhis, by Bithynia tentaculata, and several of tlie 
Cycladidae, They are anchored to the surface by a minute 
concavity at the upper end, which appears to act like a small 
boat in keeping the thread steady. The longest threads are 
those of the Physde, which have been noticed to attain a length, 
in confinement, of 14 inches. They are always spun in the 
ascent, and as a rule, when the animal descends, it rolls the 
thread up and carries it down as it goes. A single thread is 
never spun on the descent, but occasionally, when a thread has 
become more or less of a permanence, it becomes stronger by 
tlie addition of more mucus each time it is used, whether for 
ascending or descending purposes. Cyclas cornea appears to be 
an exception to the rule that threads are only spun on the 
ascent. This species, which is particularly fond of crawling 
abjng the under surface of the water, has been noticed to spin 
a thread half an inch in length while on the surface, and to hang- 
suspended from it for a considerable time. 

What the exact use of the thread may be, must to a certain 
extent be matter of conjecture. The Limnaeidae aire, in the 
great majority of cases, compelled to make periodic visits to the 
surface in order to inspire oxygen. It is also a favourite habit 
with them to float just under the sitrface, or crawl about on its 
under side, perhaps in pursuit of tiny vegetable organisms. 
Whatever may be the object of an excursion to the surface, a 
taut thread will obviously be a nearer way up than any other 
which is likely to present itself; indeed, without this thread- 
spinning power, which ensures a tolerably rapid arrival at the 
surliice, the animal might find itself asphyxiated, or at least 
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seriously mconvenieucedj before it could succeed in taking in 
the desired supply of oxygen. With the Cycladidae, which do 
not breathe air, such an explanation is out of place ; in their 
case the thread seems to be a convenient means of resting in 
one position in the intervals of the periods of active exercise to 
which several of the species are so much addicted. 

The power of suspension by a thread is also possessed by 
certain of the Cyclostomatidae, by some Cerithidea, several Bissoa 
and other marine genera, prominent among which is Litiofa 
lonibyx, whose name expresses its power of anchoring itself to 
the Sargasso weed by a silken thread of mucus. Several 
species of ^lugs are known to be able to let themselves down by 
threads from the branches of trees. Limaas arborum is especially 
noted for this property, and has been observed suspended in 
pairs during the breeding time. According to Binney, all the 
American species of Idinax, besides those of Tehennophorus, 
possess this singidar property. Limax arhorum appears to be 
the only slug which has been noticed to ascend, as well as 
descend, its thread. It has also been observed ^ that when this 
species is gorged with food, its slime is thin and watery, and 
unable to sustain its weight, but that after the process 
of digestion has been performed, the mucus again becomes 
thick and tenacious. It appears therefore that when the 
animal is hungry and most in need of the power of making 
distant excursions in search of food, its condition enables 
it to do so, but that when no such necessity is pressing, the 
thread- forming mucus is not secreted, or is perhaps held in 
suspense while the glands assist in lubricating the food before 
digestion.* 

Food of Land and Fresh-water Mollnsca. — Arion ater, the 
great black slug, although normally frugivorous, is unquestion- 
ably carnivorous as well, feeding on all sorts of animal matter, 
whether decaying, freshly killed, or oven in a living state. It is 
frequently noticed feeding on earthworms ; kept in captivity, it 
will eat raw beef; it does not disdam the carcases of its own 
dead brethren. Arf old man near Berwick-on-Tweed, going out 
oilfe morning to mow grass, found a black slug devolving, as he 
supposed, a dead mouse. Being of an inquisitive turn, and 

• W. Harte, Proe. Vubl. AT. ZT. Soe. iv. p. 182. 

* See on the whole subject of threads 6. S. Tye, Jmm. of C(mch. i. p. 401. 
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wishing to ascertain if it were really thus engaged, he drew the 
mouse a little back. When he returned in the evening, the 
mouse was reduced almost to a skeleton, and the slug was still 
there.^ Indeed it would seem almost difficult to name anything 
which Avion ater will not eat. Dr. Ghray mentions ^ a case 
of a specimen which devoured sand recently taken from the 
beach, which contained just enough animal matter to render it 
luminous when trodden on in the dark ; after a little time the 
faeces of the slug were composed of pure sand, united together 
by a little mucus. A specimen kept two days in captivity 
was turned out on a newspaper, and commenced at once to 
devour it. The same specimen ate dead* bodies of five other 
species of slugs, a dead Unio, pupae of Adimonia tanaceti, 
part of the abdomen of a dragon-fly, and Pears' soap, the latter 
reluctantly.*^ 

According to Simroth ^ and Scharff * the food of several of our 
British slugs, Limax maximus, X. jlavus. Avion suhfuscus, 
-1. intevmediuSf consists of non-chlorophyllaceous substances 
only, while anything containing chlorophyll is as a rule refused. 
On the other hand i. agvestis and Amalia cavinata feed almost 
entirely on green food, and are most destructive in gardens. 
Tlie latter species lives several inches under ground during tlui 
day, and comes to the surface only at night. It is largely 
responsible for the disappearance of bulbs, to which it is ex- 
tremely partial. L. mavginatus ( = avhovum Bouch.) feeds ex- 
clusively on lichens, and in captivity absolutely refuses green 
leaves and a flesh diet. It follows therefore, if these observa- 
tions are correct, that the popular notions about slugs must be 
revised, and that while we continue to exterminate from our 
gardens those species which have a taste for chlorophyll, we 
ought to spare, if not encourage those whose tastes lie in the 
opposite direction. 

Limax agvestis has been seen devouring the crushed remains 
of Avion atev. Five specimens of the same species were once 
noticed busily devouring a May-fly each, and this in the middle 
of a large meadow, where it may be presumed there was no lack 

^ Zoologist^ iL p. 296 ; iii. p. 833 ; iv. p. 1216 ; iii. p. 1036 ; iv. p. 1216 ; iii. 
p. 1037. 

* Ann, NaJb, Hist, ii. 1838, p. 310. * H. W. Kew, Natwraliat, 1889, i). 103. 

^ Zeit, wiss. Zool, xlii. p. 203 f. ^ Sci, Tram. R, Buhl, Soc. (2) iv. p. 520 & 
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of green food. The capture and eating of insects by Mollusca 
seems very remarkable, but this story does not stand alone. 
*Mr. T. Vernon Wollaston once enclosed in a bottle at least three 
dozen specimens of Coleoptera together with 4 Helix canticma, 
5 H Idspida, and 1 H virgata, together with an abundant 
supply of fresh leaves and grass. About a fortnight afterwards, 
on tlie bottle being opened, it was found tliat every single 
specimen of the Coleoptera hfid been devoured by the snails.^ 
Amalia marginata in captivity has been fed upon the larvae of 
Euchelia jacohaeae, eating three in two hours.- 

Limax viaxiimis (Fig. 19) has been seen frequently to make 
its way into a dairy and feed on raw beef.* Individuals kept in 

confinement are guilty of 
cannibalism. Mr. AV. A. 
(lain kept three specimens 
ill a box together, and found 
one of them two - thirds 
eaten, “the tail left clean 
cut off, reminding one of 
that portion of a fisli on a 
fishmonger's stall.” That 
starvation did not pronipt 

Pio. 19. — Limax rnaximus L. PO, pulmonary Crime Was proved by 
orifice ; x the fact that during the 

preceding night the slug had been supplied with, and had eaten, 
a considerable quantity of its favourite food. On two other 
occasions the same observer found one of his slugs deprived of 
its slime and a portion of its skin, and in a dying condition.^ 
An adult L, maximus, kept for thirty-three days in captivity with 
a young Avion ater, attacked it frequently, denuded it of its slime, 
and gnawed numerous small pieces of skin off the body and 
mantle.** The present writer has found no better bait for this 
species on a warm summer night than the bodies of its brethren 
which were slain on the night preceding ; it will also devour 
dead Helix aspersa. Mr. Gain considers it a very dainty feeder, 
preferring fungi to all other foods, and apparently doing no harm 
iii'the garden. 

^ Zoologist^ iv. p. 1504 ; iii. p. 1038 ; iii. p. 948. 

® H. W. Kew, /. L*. ® Zoologist^ xix. p. 7819. 

■* Naturalist^ 1889, p. 55. ® H. W. Kew, /. c. 
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Limax Jlavus, which ia fond of inhabiting the vicinity of 
cellars^ makes its presence most disagreeable by attacking articles 
of food, and especially by insinuating itself into vessels containing 
meal and flour.^ It is particularly partial to cream. 

Slugs will sometimes bite their captor’s hands. Mr. Kow 
relates that a Limax agrestis, on being stopped with the finger, 
while endeavouring to escape from the attack of a large Arioriy 
attempted to bite fiercely, the rasping action of its radula being 
plainly felt. According to the same authority, probably all the 
slugs will rasp the skin of the finger, if it is held out to them, 
and continue to do so for a considerable time, without however 
actually drawing blood.^ While Mr. Gain was handling a large 
Arion ater, it at once seized one of the folds of skin between the 
fingers of the hand on which it was placed ; after the action of 
the radula had been allowed to continue for about a minute, thci 
skill was seen to be abraded.^ Another specimen of Arion ater, 
carried in the hand for a long time enclosed in a dock leaf, 
began to rasp the skin. The operation was permitted until it 
became too painful to bear. Examination with a lens showed 
the skin almost rasped away, and the place remained tender and 
sore, like a slight burn, for several days.'^ 

Helix pisana, if freshly caught, and placed in a box with 
other species, will set to work and devour them within twenty- 
four hours. The present writer luis noticed it, in this position, 
attack and kill large specimens of H, ericetorum, cleaning them 
completely out, and inserting its elongated body into the top 
whorls of its unfortunate victims in a most remarkable manner. 
Amongst a large number of species bred in captivity by Miss 
F. M. Hele,® was Hyalinia Draparnaldi, In the first summer 
the young offspring were fed on cabbage, coltsfoot, and broad- 
leafed docks. They would not hibernate even in the severest 
frosts, and, no outdoor food being available, were fed on chopped 
beef. This, Miss Hele thinks, must have degenerated their 
appetites, for in the following spring and summer they constantly 
devoured each other. 

Zonites algirus feeds on decayed fruit and vegetables, and 
on stinking flesh.® AchatiTia panthera has been known to eat 

^ W. G. Binney, BulL Mus, C. Z, Haro, iv. p. 144. * Naturalist, 1. c. 

* Science Gossip, 1886, p. 154. •* K. Standeii, Joum, of Conch, vii. p. 197. 

* Joum. of Conch, v. p. 4:). ^ A. Paladilhe in MS. letter. 
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meat, utlier snails (when dead), vegetables, and paper.^ Tlie 
common Stenogyra decollata of the South of Europe has a very 
bad character for llesh-eating habits, wlien kept in captivity. 
Mr. Binney ^ kept a number for a long time as scavengers, to 
clean the shells of other snails. As soon as a living Hdix was 
placed in a box .with them, one would attack it, introduce itself 
into the upper whorls, and completely remove tlie animal. One 
day a number of Sxiccinm ovalis were left with them for a short 
time, and disappeared entirely ! The Stenogyra had eaten shell 
as well as animal. This view of Stenogyra is quite confirmed 
by Miss Ilele, who has bred them in thousands. “ I can keep,” 
she writes, “ no small Helix or Buliinus witli them, for they at 
once kill them and eat them. They will also eat raw meat.” 

Even the common Limnaea stagnaiiSy whicli is usually re- 
garded as strictly herbivorous, w'ill sometimes l>etake itself, 
iipparently by preference, to a diet of flesh. Karl Semper 
frequently observed the Limnacae in liis aquarium suddenly 
attack healthy living specimens of the common large water newt 
{Triton taeniatus), overcfome them, and devour them, altliougli 
there was plenty of their favourite vegetable food growing 
within (iasy reach.^ Tlie same species has also been noticed to 
<levour its own ova, and the larvae of Dytisms, Lininaea 2Miregra 
has been detected capturing and partially devouring minnows in 
an aquarium, when deprived of other food, and .Dr, Jeffreys has 
seen the same siiecies attack its own relatives under similar 
circumstances, piercing the spire at its thinnest point near to the 
apex.^ L. stagnaliSy kept in an aquarium, has succeeded in 
overpowering and partially devouring healthy specimens of the 
common stickleback.® 

Powers of Intelligence, Homing, and finding Food - It is 

not easy to discover whether land Mollusca iiossess any faculties 
which correspond to what we call intelligence, as distinct from 
their capacities for smell, sight, taste, and hearing. Darwin 
mentions^ a remarkable case, communicated to him by Mr. 
Lonsdale. A couple of Helix pomatiay one of which was sickly, 

* J. S. Gibbons, Quart. Jmmu Coiich. ii. p. 143. 

2 Bull. Mus. a. Z. llai'T. iv. p. 193. 

* 1. c. p. 362. ^ Animal Life, p. 69. 

* Zoologisty 1861, p. 7400; BrU. C<ynjck.-\. p. 108. 

^ H. Ullyett, Scienee Gossip, xxii. (1886) p* 214. 

^ Descent of Man, i. p. 325, eil. 1. ' 
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were placed in a small and ill-provided garden. Tlie stronger of 
the two soon disappeared over the wall into the next garden, 
which was well furnislicd with food. It was concluded that the 
snail had deserted its weakly mate, but after twenty-four hours 
it returned, and apparently communicated the results of its 
expedition, for after a short time both started off along the sanui 
track, and disappeared over the wall. According to Dr. H. 
Dal 1,1 a young girl wlio possessed a remarkable power over 
animals succeeded in training a snail (7/. alholahris) to come out 
of its lurking-place at her call. If placed in a room, it would 
shrink into its shell at the sound of any other voice, but it would 
always start off in the direction of hers. 

Snails and slugs possess to a considerable extent the fac idty 
of ‘ homing,’ or returning to the same hiding-place day after day, 
after their night excursions in search of food. Mr. C. Ashford 
once marked with a dab of white paint seven Helix aspersa found 
lurking under a broken flagstone; at 10 r.M. the same evening 
three had disappeared on the forage ; the next morning all wei’c 
‘at home.* The following night at 10 r.M. live were gone out, 
two being discovered with some difficulty ‘ in a small jungle ’ 
six feet away ; the next morning six out of the seven were safely 
beneath the flagstone. According to the same authority, Heliu’ 
aspersa will find its way across a cinder-path (which it specially 
detests) to get to its favourite food, and will return by the same 
way to its old quarters, although it could easily have found new 
lodgings nearer the food-supply. A snail has been observed to 
•()ccupy a hole in the brick wall of a kitchen-garden about four 
feet from the ground. leaning against the wall, and imiiiediately 
imder the hole, was a jnece of wood, the lower end of which rested 
in a bed of herbs. For months the snail employed this ladder 
between its food and its home, coming down as soon as it was 
dark, and retiring to rest during the day. 

In greenhouses a slug will forage night after night — ^as 
gardeners know to their cost — over the same beat, and will 
always return to the same hiding-place. Limax Jlavus has ))een 
noticed crawling with great regularity to a sink from a hole near 
the water-pipe, and keeping to a well-marked circular track. In 
all probability the scent, either of the desired object of food, or of 
the creature’s own trail, plays a considerable part in keeping it 

^ Amnr, XaL xv. 1881, p. 976. 
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to the same outward and homeward track, or at least in guiding 
it back to its hiding-place. Yet even scent is occasionally at 
hiult, for on one occasion a Limax flavus was accustomed to mak(i 
nightly excursions to some basins of cream, which were kept in 
a cool cellar. When the basins were removed to a distant shelf, 
the creature was found the next morning " wandering dis- 
consolately ’ about in the place where the basins had formerly 
stood. ^ 

A remarkable case of the power of smell, combined with great 
perseverance on the part of a Helix, is recorded by Furtado.'^ 
He noticed a Helix aspersa lodged between a column on a 
verandah and a flower-pot containing a young banana plant, and 
threw it away into a little com-t below, and six or seven yards 
distant. Next morning the snail was in precisely the same place 
on the flower-pot. Again he threw it away, to the same distance, 
and determined to notice what happened. Next morning at nine 
o’clock, the snail was resting on the rail of a staircase leading up 
to the verandah from the court; in the evening it started again, 
quickening its pace as it advanced, eventually attacking tlie 
bunana in precisely the same place where it had been gnawed 
before. 

For further instances of the power of smell in snails, see 
chap. vii. 

Slugs have been known to make their way into bee -hives, 
presumably for the sake of the honey.^ ‘ Sugaring ’ the trees at 
night for moths will often attract a surprising concourse of slugs. 
Sometimes a particular plant in a greenhouse will become the 
object of the slugs’ persistent attacks, and they will neglect every 
other food in order to obtain it. Farfugium grande is one of 
these favourite foods, the young leaves and shoots being always 
eaten in preference to all other plants growing in the houses ; 
wliere no Farfugiums were kept the slugs nibbled indis- 
criminately at many kinds.” ^ The flowers of orchidaceous plants 
exercise a special attraction 6ver slugs, which appear to have 
some means of discovering when the plants are in bloom. “ I 
have often observed,” says Mr. T. Baines, " that a slug will travel 


^ W. A. Gain, quoted by H. AV. Kow in Naturalist, 1390, p. 307, an article to 
wLieli I am much indebted. *** Ann, Mag. Nat, Mist, (6) xvi. p. 519. 

* Science Qossip, 1882, pp, 237, 262. 

* If. W. Kew, Naturalist, 1893, i». 149, another most valuable article. 



I 


ST.UGS IN GREENHOUSES 


37 


over the surface of a pot in which is growing a Dendrobium 
nohile, a Cattlcya, Vanda, or similar upright plant for a score 
of times without ever attempting to ascend into the head of the 
plant unless it is in bloom, in which case they are certain to find 
their way straight to the flowers ; after which they will descend, 
and return to some favourite hiding-place, often at the opposite 
end of the house.” ^ Mr. R Warner has actually seen many 
little slugs suspending themselves by slime -threads from the 
rafters and descending on the spikes of the beautiful Odonto- 
ylossum alexandrae ; and thus many spikes, thickly wadded round 
with cotton wool (which the slugs could not travel over), and 
growing in pots surrounded by water, had been lost.” - Perhaps 
the most singular instance of a liking for a particular food is 
tliat related by Mr. E. Step.*^ In a London publishing house, 
slugs were observed, during a period of nearly twelve months, to 
have fed almost nightly on the colouring matter in certain book- 
covers, and though the trails were often seen over the shelves, 
and cabbage and lettuce leaves laid down to tempt the creatures, 
they continued their depredations with impunity for the time 
above mentioned. 

TAmnaea perecfra has been observed feeding on old fish-heads 
thrown into a dirty stream, ajad a large gathering of Limnaea 
stagnalis has been noticed feeding upon an old newspaper in a 
pond on Chislehurst Common, ^ so that for the space of about a 
square foot nothing else could be seen.’ ^ 

Tenacity of Life. — Land Mollusca have been known to exhibit, 
under unusual conditions, remarkable tenacity of life. Some of 
the most noteworthy and best authenticated instances of this 
faculty may be here mentioned. 

The well-known story of the British Museum snail is thus 
related by Mr. Baird.^ On the 25th March 1846 two specimens 
of Helix desertorum, collected by Charles I^amb, Esq., in Egypt 
some time previously, were fixed upon tablets and placed in the 
collection among the other Mollusca of the Museum. There they 
remained fast gummed to the tablet. About the 15 th March 
1850, having occasion to examine some shells in the same case, 

^ Garden, v. p. 201, quoted by Kew, ut sup, 

- Kew, ut sup. ® Science Gossip, 1883, ]». 163. 

* T. D. A. Cockerell, Science Gossip, 1885, p. 211. 

® Ann. Mafj. Nat, Hist. (2) vi. (1850) p. 68. 



38 


TENACITY OF I.IFE 


CHAI*. 


Mr. ]>air(i noticed a recently formed epipliragm over the inoutli 
of one of these snails. On removing the snails from the tablet 
anil placing them in tepid water, one of them came out of its 
shell, and the next day ate some cabbage leaf. A month or two 
afterwards it began repairing the lip of its shell, which was broken 
when it was first aiBxed to the tablet. 

While resident in Porto Santo, from 27th April to 4th May 

1848, Mr. S. P. Woodward^ collected a number of Helices and 
sorted them out into separate pill-boxes. On returning home, 
these boxes were placed in empty drawers in an insect cabinet, 
and on 19th October 1850, nearly two and a half years after- 
wards, many of them were found to be still alive. A whole bagful 
of IL turricula, collected on the Ilheo de Cima on 24th April 

1849, were all alive at the above-mentioned date. 

In September 1858 Mr. Bryce Wright sent- to the British 
Museum two specimens of H, dcsertorum which had been dormant 
for four years. They were originally collected in Egypt by a Mr. 
Vernedi, who, in May 1854, while stopping at one of the stations 
in the desert, found a heap of thorn-bushes lying in a corner of 
the building, rather thickly studded with the snails. He picked 
off fifteen or twenty specimens, which he carried home and locked 
up in a drawer, where they remained undisturbed until he gave 
two to Mr. Wright in September 1858. 

In June 1855 Dr. Woodward placed specimens of H, candidii>- 
sima and If, aperta in a glass box, to test their tenacity of life ; 
he writes of their being still alive in April 1859. 

Mr. E. E. 0. Stearns records * a case of Buliininus pediidior and 
H, Veatchii from Cerros I. living without food from 1859 to March 
1865. 

H. Aucapitaine mentions^ a case of H. lactea found in calcin- 
ated ground in a part of the Sahara heated to 122'' F., where 
no rain was said to have fallen for five years. The specimen 
revived after being enclosed in a bottle for three and a half years. 

In August 1863, Mr. W. J. Sterland^ put specimens of H. 
nemoralis in a box and afterwards placed the box in his cabinet ; 
iiii November 1866 one specimen was discovered to be alive. 

Gaskoin relates ® a case in which specimens of H. lactea were 

» Alin, Mag, Nat, Hid, (2) vi. p. 489. ^ ( 3 ) m p. 443 . 

® A^ner, Nat. xi. (1877) p. 100 ; Pi'oc, Calif. Ac. iii. p. 329. 

^ Gaz, Med. Alger. 1865, 5th Jan. p. 9. ® SciencG Gossip^ 1867, i>. 40. 

® Ann. Mag. Nat. Hist. (2) ix. p. 498. 
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purchased from a dealer in whose drawer they had been for two 
years. This dealer had them from a merchant at Mogador, who 
liad kept them for more than that time under similar conditions. 
One of these shells on being immersed in water revived, and in 
April 1849 was placed quite alone under a bell jar with earth 
and food. In the end of the following October about thirty young 
IT. lactea were found crawling on the glass. 

Mr. R. D. Darbishire bought ^ some H. apcrta in the market 
at Nice on 18th February 1885. Two specimens of these, placed 
with wool ill a paper box, were alive in December 1888. This 
is a very remarkable case, IL aperta not being, like H, desertorum, 
IL lactca, IL Veatchii and BuL paliidior, a desert snail, and there- 
fore. not accAistomed to fasting at all. 

Age of Snails. — It W’ould appear, from the existing evidence, 
wliicli is not too plentiful, that five years is about the average 
age of the common garden snail. Mr. Gain has published ^ some 
interesting observations on the life of a specimen from the cradle 
to the grave, wliicli may be exhibited in a tabular form. 

Aug. 1882. hatched ; one attained diameter of in. 

before winter; fed on coltsfoot and cabbage. 

5th Oct. 1888. Shell 1 in. in diameter, no lip formed. 

July 1884. Shell finished; diameter 1-J- in., including 
perfect lip. 

3rd May 1885. Tjeft winter quarters; companion introduced, 
with which it was seen in company on 
5 th August. 

9th Aug. „ Laid eggs in soil, whicli were hatched on 
10th September, and feeding on 17th 
September; in May 1886 the largest of 
these was in. diameter. 

13th Oct. 1887. Old snail died, aged 5 years 2 months. 

According to Clcssin, the dimation of life in Vitrina is one 
year, Cyclas 2 years ; ILycdinia, SiLCcinea, Limnaeay Flanorhls, and 
Aiieylus are full grown in 2 to 3 years. Helix and Paludina in 2 
to 4, and Anodonta in 12 to 14. Hazay finds ^ that the duration 
of life in Hyalinia is 2 years, in Helix pomatia 6 to 8, in Helix 
candicans 2 to 3, in Paludina 8 to 10, iwTAmnaea andi Planorhis 
3 to 4. 

* J<nirn, of Coiich, vi. p. 101. - Naturalist, 1880, [». 55. 

Malak, BMt, (2) iv. pp, 43 and 221. 
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Growth of the Shell. — ^Mr. E. J. Lowe, many years ago, con- 
ducted ^ some interesting experiments on the growth of snails. 
The facts arrived at were — 

(1) The shells of Helicidae increase but little for a consider- 
able period, never arriving at maturity before the animal has once 
become dormant. 

(2) Shells do not grow whilst the animal itself remains 
dormant. 

(3) The growth of shells is very rapid when it does take 
place. 

(4) Most species bury themselves in the ground to increase 
the dimensions of their shells. 

Six recently hatched jE pomatia were placed in a box and 
regularly fed on lettuce and cabbage leaves from August until 
December, when they buried themselves in the soil for winter ; 
at this period they had gradually increased in dimensions to the 
size of jE hispida. On the 1st April following, the box was 
placed in the garden, and on the 3rd the Helices reappeared on 
the surface, being no larger in size than they were in December. 
Although regularly fed up to 20th June, they were not yer- 
ceptibly larger, but on that day five of them disappeared, having 
buried themselves, with the mouth of the shell downwards, in . the 
soil. After ten days they reappeared, having in that short time 
grown so rapidly as to be equal in size to M, pisana. On the 
15 th July they again buried themselves, and reappeared on 1st 
August, having again increased in size. For three months from 
this date they did not become perceptibly larger ; on 2nd 
November food was withheld for the winter and they became 
dormant. 

A similar experiment, with similar results, was carried on 
with a number of H. aspersa, hatched on 20th June. During 
the summer they grew but little, buried themselves on 10th 
October with the head upwards, and rose to the surface again on 
5 th April, not having grown during the winter. In May they 
buried themselves with the head downwards, and appeared again 
in a week double ' the size ; this went on at about fortnightly 
intervals until 18 th July, when they were almost fully 
grown. 

Helix nemorodis, H virgata, H caperata, and H hispida bury 
» rUl, Trans. 1854 (1856), p. 8. 
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themselves to grow ; IL rotundata burrows into decayed wood ; 
Ilyalinia radiatula appears to remain on decaying blades of 
grass ; Pupa umlilicata, Clansilia rugosa, and Buliminus ohscurus 
bury their heads only. 

The observations of Mr. W. E. Collinge ^ do not at all agree 
with those of Mr. Lowe, with regard to the mode in which land 
Mollusca enlarge their shells. He bred and reared most of the 
commoner forms of Helix and also Clausilia rugosa, but never 
saw them bury any part of their shell when enlarging it. While 
admitting that they may increase their shells when in holes or 
burrows of earthworms, he thinks that the process of burying 
would seriously interfere with the action of the mantle during 
deposition, and in many cases damage the membranaceous film 
before the calcareous portion was deposited. Mr. Collinge 
has found the following species under the surface in winter: 
Avion ater (3-4 in.), Agriolimax agrestie (6-8 in.), Hyalinia 
cellaria and H alliaria (6-8 in.), Hyalinia glahra (5 in.). Helix 
aspersa (5—6 in.), H rufescens (4—6 in.), H rotundata (4-5 in.), 
H hispida (7 in.), Buliminus ohscurus (4-6 in.), B, montanus^ 
(24 in.), and the following in summer, Hyalinia cellaria and 
alliaria (6-8 in.), Helix rotundata (4-5 in.), Balea perversa 
(6 “8 in.). Cyclostoma elegans (3-4 in.). The same author has 
found the following species of fresh-water mollusca living in 
hard dry mud: Sphcberium corneum (3-14 in.), S. rivicola (5-6 
in.), S, lacustre (10-14 in.), all the British species of Pisidium 
(4-12 in.), Limnaea truncatula (18 in., a single specimen). All 
our species of Unio, Anodonta^ Bithynia, and Paludina bury 
themselves habitually in fine or thick wet mud, to a depth of 
from 4 to 14 inches. 

This burying propensity on the part of Mollusca has been 
known to play its part in detecting fraud. When my friend 
Mr. E. L. Layard was administering justice in Ceylon, a native 
landowner on a small scale complained to him of the conduct of 
his neighbour, who had, during his absence from home, diverted 
a small watercourse, which ran between their holdings, in such 
a way as to filch a certain portion of the land. The offender 
had filled up and obliterated the ancient course of the stream, 
and protested that it had never run but in its present bed. 

^ XaturcUist, 1891, p. 75 f. j Conchologist, ii. 1892, p. 29. 

* Taylor, Joum, of CoTuih, 1888, p. 299. 
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Mr. Layanl promptly had a trench sunk across what W'as said to 
be the old coarse, and the discovery of numerous living Anipvl- 
laria, buried in the mud, confirmed the story of one of the 
litigants and confounded the other.^ 

Depositing and Hatching of Eggs : Self-fertilisation. — 
There appears to he no doubt that Helices, when once im- 
pregnated, can lay successive batches of eggs, and possibly can 
continue laying for several years, without a farther act of union. 
A specimen of Hdix aaperaa was noticed in company with 
another on 5th August ; on 9th Arigust it laid eggs in the soil, 
and early in the following summer it laid a second batch of eggs, 
although its companion had been removed directly after its first 
introduction. An Anon received from a distance laid 30 eggs 
on 5 th September, and 70 more on the 23rd of the same month, 
although quite isolated during the whole time.^ By far the 
most remarkable case of the kind is related by Gaskoin.^ A 
specimen of Hdix laetea was kept in a drawer for about 
two years, and then in another drawer for about two years 
mora It was then taken out, and placed in water, when it 
revived, and was placed alone under a bell jar with earth 
and food. Six months after, about 30 young H. laetea were 
found crawling on the glass, the act of oviposition not having 
been observed. 

The observations of Mr. F. W. Wotton,* with regard to the 
fertilisation and egg - laying of Avion ater, are of extreme 
interest and value. A pair of this species, kept in captmty, 
united on 10th September 1889, the act lasting about 25 
minutes. From that date until the eggs were laid, the animals 
looked sickly, dull of colour, with a somewhat dry skin. Eggs 
were deposited in batches, one, which we will call A, beginning 
three days before B. On 10th October A laid 80 eggs; on the 
16th, 110; on the 25th, 77; on 8th November, 82; and on 
17th November, 47 ; making a total of 396. Specimen B, which 
began on 1 3th October, three days after A, made up for the delay 
by laying 246 eggs in 40 hours ; on 26th October it laid 9, on 
10th November, 121; and on 30th November, 101; a total of 477. 

* See Tennent’e Ceylon, i. p. 221, ed. S. 

.* VT. A. Gain, iValemliM, 1889, p. 65; Brockmeier, Nadir. DetUsdt. JUalak. 
Oddi. XX. p. 113. 

* Aim. Mag. Not. Hid. (2) ix. p. 498. * * Joum. Conch, vii. 1893, p. 168 f. 
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These eggs weighed 624 to the ounce, and, in excluding the 
btitch of 246, B parted with ^ of its own weight in 40 hours, 
while the whole number laid were rather over ^ of its own 
weight ! 

While depositing the eggs, the slug remained throughout in 
the same position on the surface of the ground, with the head 
drawn up underneath the mantle, which was lifted just above 
the reproductive orifice. When taken into the hand, it went on 
laying eggs withoiit interruption or agitation of any kind. After 
it had hnished laying it ate half a raw potato and then took a 
bath, remaining submerged for more than an hour. Bathing is 
a favourite pastime at all periods. Specimens, says Mr. Wotton, 
have survived a compulsory bath, with total submersion, of 
nearly' ihree days’ duration. 

Mr. Wotton’s account of the hatching of the eggs is equally 
interesting. It is noticeable that the eggs of one batch do not 
hatch by any means simultaneously; several days frequently 
intervene. The average period is about 60 days, a damp and 
warm situation bringing out the young in 40 days, while cold 
and dryness extended the time to 74 days, extremes of any 
kind proving fatal. Of the batch of eggs laid by B on' 
30 th November, the first 2 were hatched on the following 
16th January, and 2 more on the I7th; others, from 10 to 20, 
followed suit on tlie succeeding 5 days, imtil 82 in all were 
liatched, the remaining 19 being unproductive.' 

By placing the egg on a looking-glass the act of exclusion 
can be perfectly observed. For several days the inmate can be 
seen in motion, until at last a small crack appears in the surface 
of the shell : this gradually enlarges, until the baby slug is dblo 
to crawl out, although it not unfoequently bocks intb the shell 
again, as if unwilling to risk itself in the world. When it once 
begins to crawl freely, it biuries itself in the groimd for 4 or 5 
days without food, after which time it emerges, nearly double 
its original size. At exclusion, the average length is 9 mm., 
increasing to 56 mm. after the end of 5 montha Full growth 
is attained about the middle of the second year, and nearly all 
die at the end of this year or the beginning of the next. Death 
from exhaustion frequently occurs after parturition. Death 

^ 1 succeeded iu hatciiing out eggs of Helix aaperaa, during tho very warm 
summer of 1893, in 17 days. 
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from suffocation is sometimes the result of the formation of 
small blisters on tlie margin of the respiratory aperture. Tlie 
attacks of an internal parasite cause death in a singular way. 
The upper tentacles swell at the base in such a way as to 
prevent their extrusion ; digestive troubles follow, with rigidity 
and loss of moisture, and death ensues in 2 or 3 days. 

Mr. Wotton isolated newly-hatched specimens, witli the view 
of experimenting on their power of self-fertilisation, if the 
opportunity of fertilising and being fertilised by others was 
denied them. One of these, after remaining in absolute solitude 
for lOj months, began to lay, scantily at first (11th January, 2; 
25th January, 2 ; 11th February, 2), but more abundantly after- 
wards (3rd April, CO ; 15tli and 16th, 70 ; 29th, 53, etc.), the 
eggs being hatched out in 42-48 days. The precautions taken 
seem to liave been absolutely satisfactory, and the fact of the 
power of self-fertilisation appears established as far as Avion ater 
is concerned. 

Braun took young individuals of Limnaca auricularia on the 
day they were hatched out, and x>laccd them singly in separate 
vessels wdth differing amounts of water. This was on 15 th June, 
1887. In August 1888 specimen A had only produced a little 
spawn, out of which' three young were hatched; specimen B 
had ];)roduced four pieces of sjmwn of different sizes, all of which 
were hatched; specimen 67, which hapjiencd to be living with 
three Planorlis, produced five pieces of spawn distinctly Lijii- 
naeidan, but nothing is recorded of their hatching. Sclf- 
iinpregnation, therefore, with a fruitful result, appears estab- 
lished for this si)ecies of Limnaea} 

Reproduction of Lost Parts. — When deprived of their 
tentacles, eyes, or portions of the foot, Mollusca do not seem to 
suffer severely, and generally reproduce the lost parts in a short 
time. If, however, one of the ganglia is injured, they joerish. 
Certain of the Mollusca possess the curious property of being 
able to amputate certain parts at will. Wlien Pro2)hyscton, a 
species of Californian slug, is annoyed by being handled, an 
indented line appears at a point about two-thirds of the length 
from the head, the line deepens, and eventually the tail is 
shaken completely off. Sometimes the Pro 2 )hysaon only threatens 
this spontaneous dismemberment ; this line apjoears (always 
^ Kachr, Deutsch, Malalc. Gesell, xx. p. 146. 
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exactly in the same place), but it thinks better of it, and tlie 
indentation proceeds no further.^ According to Gundlach,“ 
Helix imperator and IL crenilahris, two large species from • Cuba, 
possess the same property, which is said to be also character- 
istic of the subgenus Stenojius (W. Indies). Amongst marine 
species, Harpa ventricosa and Solen siliqua have been observed 
to act in a similar way, Harpa apparently cutting off the end of 
the foot by pressure of the shell. Karl Semper, in commenting 
on the same property in species of Helicarion from the Philp- 
pines (which whisk their tail up and down with almost convul- 
sive rapidity, until it drops ofQ, considers^ it greatly to the 
advantage of the mollusc, since any predacious bird which 
attempted to seize it, but only secured a fragment of tail, would 
probably be discouraged from a second attack, especially as tlu3 
Helicarion would meanwhile have had time to conceal itself 
among the foliage. 

Strength and Muscular Force. — The muscular strength of 
snails is surprisingly great. Sandford relates an experiment on 
a Helix aspersa, weighing oz. He found it could drag verti- 
cally a weight of 2-\ oz., or nine times its own weight. Another 
snail, weighing ^ oz., was able to drag in a horizontal direction 
along a smooth table twelve reels of cotton, a pair of scissors, a 
screwdriver, a key, and a knife, weighing in all no less than 17 oz., 
or more than fifty times its own weight. This latter experiment 
was much the same as asking a man of 12 stone to pull a load 
of over 3 ;i[; tons. 

If a snail be placed on a piece of glass and made to crawl, it 
will be seen that a scries of waves appear to pursue one another 
along the under surface of the foot, travelling from , back to 
front in the direction in which the animal is moving. Simroth 
has sliown that the sole of the foot is covered with a dense net- 
work of muscular fibres, those which run longitudinally being 
chiefly instrumental in producing the undulatory motion. By 
means of these muscles the sole is first elongated in front, and 
then shortened behind to an equal extent. Thus a snail slides, 
not on the ground, but on its own mucus, which it deposits 
mechanically, and which serves the purpose of lubricating the? 

"" ^ Raymond, Nautilus, iy. p. (5. 

® Quoted by Oehlei-t, Sc, xxxviii, p. 701. 

® Animal Life, IrUern, Sdentif, Ser. ed. 1, p. 395. * Zoologist, 1886, p. 491. 
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ground on which it travels. It has been calculated that an 
average sized snail of moderate pace j)rogresses at the rate of 
about a mile in 16 days 14 hours.^ 

Sudden Appearance of Mollusca. — It is very remarkable 
to notice how suddenly Pulmonata seem to appear in certain 
districts where they have not been noticed before. This sudden 
appearance is more common in the case of fresh-water than of land 
Mollusca, and there can be little doubt that, wherever a new pond 
happens to be formed, unless there is something in its situation 
or nature Avhich is absolutely hostile to molluscan life, Mollusca 
are certain to be found in it sooner or later. “ Some 23 A cars 
ago,” writes Mr. W. Nelson,*'* " I was in the habit of collecting 
shells in a small pond near to the Black Hills, Leeds. At that 
time the only molluscan forms found there were a dwarf form of 
Sphaerium lacustre, Pisidium puailhtnn, Planorhis nautileuSy and 
TAmnaea peregra. About 10 years ago I resumed my visits to 
the locality, and found, in addition to the species already 
enumerated, PlaTiorhis corneus. These were the only species found 
there until this spring [1883], when, during one of my frequent 
visits, I was surprised to find Phym fontinalis and Planorhis 
vortex were added to the growing list of species. Later on PL 
carinatus, Limnaea stagnalis, and Ancylus lacustris turned up ; 
and during June, PL contortus was found in this small but prolific 
pond.” Limnaea glutinosa is prominent for these remarkable 
appearances and disappearances. In 1822 this species suddenly 
.appeared in some small gravel pits at Bottisham, Cambs., in 
such numbers that they might have been scooped out by hand- 
fuls. After that year they did not appear numerous, and after 
three or four seasons they gradually disappeared.^ PJiysa 
(Aplecta) hypnorum is noted in a similar way. In February 1852, 
for instance, after a wet month, the water stood in small puddles 
about 3 feet by 2 in a particular part of Bottisham I’ark 
which was sometimes a little swampy, thougli usually quite dry. 
One of these puddles was found to contain immense numbers of 
the Aplecta, which up to that time had not been noted as occur- 
ring in Cambridgeshire at all.^ In a few days the species entirely 
disappeared and was never again noticed in the locality. 

^ Thomas, quoted by Jeffreys, £rU. Ctmeh. i. p. SO. *•* Joum, of Conch, iv. j». 117. 

^ Rev. L. Jeiiyns, Ohaervations in Nat. Hiat., p. 318. ^ Id. ib. p. 319. 

• Further detailed examples will be found in Kew, The Dispersal of Shells, pp. 5-26. 
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Writing to the Zoological Society of London from New 
Caledonia, Mr. E. L. T^yard remarks:^ '‘The West Indian 
species Stenogyra octoria has suddenly turned up here in 
thousands; how introduced, none can tell. They are on a 
coffee estate at Kanala on the east coast. I have made in- 
quiries, and cannot find that the planter ever had seed coffee 
from the West Indies. All he planted came from Bombay, and 
it would be interesting to find out whether the species has 
appeared there also.” 

Sometimes a very small event is sufficient to disturb the 
natural equilibrium of a locality, and to become the cause either 
of the introduction or of the destruction of a species. In 1883 
a colony of Helix sericea occupied a portion of a hedge bottom 
twenty yards long near Newark. It scarcely oocuiTed outside 
this limit, but within it was very plentiful, living in company 
with H nemoraliSj H hortensis, H, hispida, H rotundata, Hyalinia 
cellaria and Hy, nitidula, and Cochlicopa luhnca. In 1888 the 
hedge was well trimmed, but the bottom was not touched, and 
the next year a long and careful search was required to find 
even six specimens of the sericear 

Showers of Shells. — Helix virgata, H caperata, and Cochli- 
cella acuta sometimes occur on downs near our sea-coasts in such 
extraordinary profusion, that their sudden appearance out of 
their hiding-places at the roots of the herbage after a shower of 
rain has led to the belief, amongst credulous peoide, that they 
have actually descended with the rain. There seems, however, no 
reason to doubt that Mollusca may be caught up by whirlwinds 
into the air and subsequently deposited at some considerable 
distance from their original habitat, in the same way as frogs 
and fishes. A very recent instance of such a phenomenon 
occurred® at Paderborii, in Westphalia, where, on 0th August 
1892, a yellowish cloud suddenly attracted attention from its 
(,*olour and the rapidity of its motion. In a few moments it 
burst, with thunder and a torrential rain, and immediately after- 
wards the pavements were found to be covered with numbers of 
Anodonta anatina, all of which had the shell broken by the 
violence of the fall. It was clearly established that the shells 

^ P. Z, S. 1888, p. 358. ^ W. A. Gain, Naturalist^ 1889, p. 58. 

’ Das Wetter, Dec. 1892. . Another case is recorded in Amer. Nat, iii. p. 
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could not have been washed into the streets from any adjacent 
river or pond, and their true origin was probably indicated 
when it was found that the funnel-shaped c]pud which burst 
over the town had passed across the one piece of water near 
Paderborn, which was known to contain the AmAonta in 
abundance. 

Oases of Singular Habitat. — MoUusca sometimes accustom 
themselves to living in very strange localities, besides the 
extremes of heat and cold mentioned above (pp. 23-24). In the 
year 1852, when some large waterpipes in the City Bead, near 
St. Luke’s Hospital, were being taken up for repairs, they were 
foimd to be inhabited in considerable nnmbers by Neritina 
fluviatUis and a species of Limnaea} DreitaeTisia ^olymorpha 
has been found in a similar situation in Oxford Street, and also 
in Hamburg, and has even been known to block the pipes and 
cisterns of private houses. In an engine cistern at Burnley, 
60 feet above the canal from which the water was pumped 
into the cistern, were found the following species ; Sjphaerium 
eorneum, S. lacustre; Valvata piscincUis, Bitkynia tentac%Uata ; 
Limnaea peregra, very like Succinea in form and texture ; 
PlanorMs albus, P. corneue, P. nitidus, P. glaher, and thousands 
of P. dUaiaius, much larger than the forms in the canal belpw, 
a fact probably due to the equable temperature of the water in 
the cistern aU the year round.^ In certain parts of southern 
Algeria the fresh-water genera Melania and Mdanopsie inhabit 
abundantly waters so surcharged with salt that the marine 
Gardium edule has actually become extinct from excess of brine. 
The common Mytilus edvlis is sometimes found within the 
branchial chmnber and attached to the abdomen of crabs 
(Carcimis maenas), which are obliged to carry about a burden 
of which they are powerless to rid themselves (see p. 78). A 
variety of the common Limnaea peregra lives in the hot water 
of some of the geysers of Iceland, and has accordingly been 
named geisericola. 

Underground finails. — Hot only do many of the land MoUusca 
aestivate, or hibernate, as the case may be, teneath the surface of 
the soil, but a certain number of species live permanently under- 
ground, Uke the mole, and scarcely ever appear in the Ught of 
day. Our own little GaecUianella aeietda lives habituaUy from 
* ZoologiU, X. p. 3130. ^ SeUnee Gossip, 1888, p. 281. 
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1 to 3 feet below ground, appearing to prefer the vicinity of 
graveyards. Testacella, the carnivorous slug, scarcely ever appears 
on the surface during the day, except when driven by excessive 
rain, and even then it lurks awhile under some protecting cover 
of leafage. There is a curious little Helix {tristis Pfr.), peculiar 
to Corsica, which is of distinctly subterranean habits. It lives 
in drifted sand above high-water mark, always at the roots of 
Genista Saltzmanni^ at a depth which varies with the tempera- 
ture and dryness of the air. In hot and very dry weather it 
buries itself nearly 2 feet below the surface, only coming up 
during rain, and burying itself again immediately the rain is 
over. Like a Solen, it often has a hole above its burrow, by 
which it communicates with the air above, so as to avoid being 
stifled in the sand. The animal, in spite of its dry habitat, is 
singularly soft and succulent, and exudes a very glutinous 
mucus. It probably descends in its burrow until it arrives at 
the humid stratum, the persistence of which is due to the capil- 
larity of the sand.^ I am assured by Mr. E. L. Layard that 
precisely similar underground habits are characteristic of Coeli- 
axu Layardiy which lives exclusively in sand at the roots of 
scrub and coarse grass at East London. 

Bock-boring Snails. — Cases have sometimes been recorded, 
from which it would appear that certain species of snails possess 
the power of excavating holes in rocks to serve as hiding-places. 
At Les Bois des Eoches, ten miles from Boulogne, occur a 
number of solid calcareous rocks scattered about in the wood. 
The sides of the rocks which face N.E. and E. are covered 
with multitudes of funnel-shaped holes, inch in diameter at 
the opening and contracting suddenly within to ^ inch. . Some- 
times the holes are 6 inches deep, and terminate, after considerable 
windings, in a cup-shaped cavity. Helix hortensis inhabits these 
holes, and has been observed to excavate them at the rate of 
^ inch each hibernation, choosing always the side of the rock 
which is sheltered from the prevailing rains. It does not form 
an epiphragm, but protrudes part of its body against the rock. 
That the snails secrete an acid which acts as a solvent seems 
probable from the fact that red litmus paper, on being applied to 
the place where the foot has been, becomes stained with violet.* 

^ Lccoq, Jowm, de Cmich, ii. p. 146. 

* Bouchard -Chantereaux, Ann, Sci, Nat. Zool, (4) xvi. (1861) p. 197. 
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Hdix aspersa is said to excavate holes 10 to 12 cm. deep 
at Constantine,^ and H. Mazzullii is recorded as perforating 
limestone at Palermo.^ 

Snails as Barometers, — An American writer of more than 
thirty years ago® gave his experience of Helices as weather- 
prophets. According to him, H. cdternata is never seen abroad 
except shortly before rain ; it then climbs on the bark of trees, 
and stations itself on leaves. Helix clausa, H. ligera, H. penn- 
sylvaniea, and H. devata climb trees two days before rain, if it 
is to be abimdant and continuous. Succitiea does the same, and 
its body is yellow before rain and bluish after it. Several of the 
Helices assume a sombre colour after rain, when their bodies 
are exceedingly humid ; after the humidity has passed off they 
resume a clearer and lighter tint. 

Production of Musical and other Sounds. — Certain molluscs 
are said to be capable of producing musical sounds. Sir J. E. 
Tennent describes his visit to a brackish-water lake at Batticaloa, 
in Ceylon, where the fishermen give the name of the ‘ crying 
shell ’ to the animal supposed to produce the sounds. " The 
sounds,” he says,* "came up from the water like the gentle 
thrills of a musical chord, or the faint vibrations of a wine-glass 
when its rim is rubbed by a moistened finger. It was not one 
sustained note, but a multitude of tiny sounds, each clear and 
distinct in itself ; the sweetest treble mingling with the lowest 
bass. On applying the ear to the woodwork of the boat, the 
vibration was greatly increased in volume. The sounds varied 
considerably at different points as we moved across .the lake, 
and occasionally we rowed out of hearing of them altogether.” 
According to the fishermen, the shells were Pyrazus palustris 
and Littorina laevis. It appears uncertain whether the sounds 
are really due to Mollusca. Fishermen in other parts of India 
assert that the sounds are made by fish, and, like those in 
Ceylon, produce the fish which they say ‘ sings.’ The same, or a 
similar sound, has also been noticed to issue from the water in 
certain parts of Chili, and on the northern shores of the Gulf of 

^ Fftrel, Anil. Sci, Nat. (3) xx. p. 576 ; Bretoniii^ro, Compies Bendtis, evii. 
p. 566. 

“ Brit. Mus. Collection. 

® Thomfl.s, quoted by Recluz in Joum. da Condi, vii. 1858, p. 178. 

* Nat, Uist. of CtyloUy p. 382. See also T. L. Taylor, Brit. Ass. for 1848, 

p. 82. 
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Mexico. Deiidronotus arhorescais, when coiiliiied in a glass jar 
of sea water, has been noticed ^ to emit a sound like the clink of 
a steel wire. According to Lieut.-Col. Portlock,*^ RRS., Helix 
aperta, a very common species in South Europe, has the property 
of emitting sounds when irritated. When at Corfu, he noticeil 
that if the animal is irritated by a toucli with a piece of straw 
or other light material, it emits a noise, as if grumbling at 
being disturbed. He kept a specimen in lus house for a con- 
siderable time, which would make this noise whenever it was 
touclied. 

The Itev. H. G. Barnacle describes the musicfal properties (jf 
Achatinella in the following terms : ^ “ When up the mountains 
of Oahu I heard the grandest but wildest music, as from 
hundreds of Aeolian iiarps, wafted to me on the breezes, and 
my companion (a native) told me it came from, as ho called 
them, the singing shells. It was sublime. 1 could not believe 
it, but a tree close at hand proved it. On it were many of the 
Achatinella, the animals drawing after them their shells, which 
grated against the wood and so caused a sound ; the multitud(‘. 
of sounds produced the fanciful music. On this one tree 1 took 
70 shells of all varieties.” 

Habits of the Agnatha. — Not much is known of the habits 
and mode of life of the Agnatha, or carnivorous Land Molluscn. 
In this country we have only two, or at most three, of this 
group, belonging to the genus Testacella, and, in all probability, 
not indigenous to our shores. There seems little doubt, when 
all the circumstances of their discovery are taken into account, 
that both Testacella haliotidea and T, Maugei have been 
imported, perhaps from Spain or Portugal in the first instancA*, 
along with roots imbedded in foreign earth, for their, earliest 
appearances can almost invariably be traced back to the neigh - 
iDourhood of large nursery grounds, or else to gardens supplied 
directly from such establishments. 

The underground life of Testacella makes observation of its 
habits difficult. It is believed to feed exclusively on earth- 
worms, which it pursues in their burrows. Continued wet 
weather drives it to the surface, for though loving damp soil it 


^ Dr. R. E. Grant, Edinh, Phil. Joum. xiv. p. 188. 

* Jtep. Brit. ^iss. for 1848, p. 80. The statement is conOrmed by Rossinasslcr. 
^ Journ. of Conch, iv. p. 118. 
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is decidedly averse to too much moisture, and under such cir- 
ciimstauces it has even been noticed ^ in considerable numbers 
crawling over a low wall. In the spring and autumn months, 
according to Liicaze-Duthiers,*^ it comes to the surface at niglit, 
hiding itself under stones and tUbris during the day. Earth- 
worms are, at these periods, nearer the surface, and the Testacella 
has l)een seen creeping dow^n into their burrows. The author 
lias taken T. Mmigei abundantly under clumps of the common 
white pink in very wet weather, lying in a sort of open nest in 
the moist earth. On the other hand, when the earth is baked 
dry by continued drought, they either bury tliemselves deeper, 
sometimes at a depth of 3 feet, in the ground, or else become 
encysted in a capsule of hardened mucus to prevent evaporation 
from the skin. When hi'st taken from the earth and placed in 
a box, tlie Testacella invaruibly resents its (iapture by spitting u]» 
the contents of its stouiacfh in the sliape of long fragments ol* 
half-digested worms. 

It appears not to bite the worm up before swallowing it, but 
contrives, in the most remarkable manner, to take down whole 



Fio. 20. — TentaceUa ludiotidca Drap., protruding its pharynx {ph) and radula (/•) ; 
oesophagus; pulmonary orifice; s/t, shell; /, tentacles (after Lacaze- 
Dutliiers), 

worms apparently much too large for its stomach. Mr. Butterell 
relates ® that, after teasing a specimen of T. Maugei, and making 
it emit a quantity of frothy mucus from the respiratory aperture, 
he procured a worm of alxuit three inches long, and rulibed the 
worm gently across the head of the Testcu^ella, The tongue was 
rapidly extended, and tlie victim seized. The odontophore was 
then withdrawn, ^carrying with it the struggling worm, which 
jjiade every effort to escape, but in vain ; in about five minutes all 
liad disappeared except the head, which was rejected. This 
protrusion of the tongue (^raduld) and indeed of the whole 


1 Zoologist, 1887, p. 29. - Ardi, ZooL Exp, Gin, (2) v. p. 459 f. 

“ Jmm, ofCmyHu iii. p. 277 ; compare W. M. Webb, Zoologist, 1893, p. 281. 
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pharynx, is a very remarkable feature in the habits of the 
animal. It appears, as it were, to harpoon its prey by a rapid 
thrust, and when the victim is once pierced by a few of the 
powerful sickle-shaped teeth (compare chap, viii.) it is slowly but 
surely drawn into the oesophagus (Fig. 20). 

Most gardeners are entirely ignorant of the character of 
Testacellay and confuse it, if they happen to notice it at all, with 
the common enemies of their tender nurslings. Cases have been 
known, however, when an intelligent gardener has kept specimens 
on purpose to kill worms in ferneries or conservatories. In some 
districts these slugs are very numerous ; Lacaze-Duthiers once dug 
182 specimens from a good well-manured piece of ground whose 
surface measured only ten square yards. 

Towards the end of September or beginning of October the 
period of hiber.nation begins. I infer this from the behaviour of 
specimens kept in captivity, which, for about a fortnight before 
this time, gorged themselves inordinately on as many worms as T 
chose to put into their box, and then suddenly refused food, buried 
themselves deeply in the earth, and appeared no more during the 
winter. The eggs are apparently much less numerous than is the 
case with Limax or Helix, and very large, measuring about ^ inch 
in diameter. They arc enveloped in a remarkably tough and 
elastic membrane, and, if dropped upon any hard surface, rebound 
several inches, just like an india-rubber ball. 

The animal creeps rather rapidly, and has the power of 
elongating its body to a remarkable extent. When placed on the 
surface of the ground, in the full light of day, it soon betrays 
uneasiness, and endeavours to creep into concealment. Its method 
of burying itself is very interesting to watch. It first .elongates 
its neck and inserts its head into the soil ; gradually the body 
begins to follow, while the tail tilts upwards into the air. No 
surface motion of the skin, no writhing or wriggling motion of 
any kind occurs ; the creature simply works its way down in a 
stealthy and mysterious way, until at last it is lost to view. 

The great Glandina, which attain their maximum develop- 
ment in Mexico and the southern United States, are a very 
noticeable family in this group. According to Mr. Binney,^ 
OlandiTia truncata Gmel., one of the commonest species of the 
genus, is somewhat aquatic in its habits. It is found in the sea 

^ Bull, Mils. Comp, Bool, Harv, iv. p. 86. 
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isliiiids of Georgia and ai'ouiid the kej^s and everglades of Florida, 
where it attains a inaximuni length of 4 indies, while in less 
humid situations it scarcely measures more than 1 inch. II, 
occurs most abundantly in the centre of clumps and tuss(.)cks of 
coarse grass in marslies ch)se to the sea-coast, l^y tlie action of 
tlie sliarp, sickle-sliaped teeth of its radiila the soft parts of its 
prey (wliich consists chitdy of living ITtdices) are rapidly rasped 
away : sometimes they are swallowed wdiole. Tt has been known 
to attack Jji max when confined in the. same box, rasping off large 
})i('ces of tlie integument. In one case an individual was noticed 
to de\ (mr one of its own species, thrusting its long neck into the 
interior of the sliell, and removing all the viscera. 



Fr(J. 21. sof(rrh/(f 71 ft Pfr. (Strebd), 


".riie Glamliime of southern Europe, although scarcely rivalling 
those of (Vntral America in size or beauty, possess siinilar 
carnivorous jaopensities. Olandina Poireti has been obser\'(‘d,^ 
on A'egiia Island, attacking a living Cydostoma deyarts. 11}* its 
]K>werful te(?th it filed through two or tliree whorls of the slid) 
nf its victim, and then piTM*eeded to devour it, exactly in tlu* 
same manner as a Kativa or Buccinum perforates the shell of a 
Tdliim or Madm in ordc'r to get at its contents. 

Few observations ai)})ear to have been made on the habits 
or food of BireptaxiSy jRhyfida, Bnvra, iJavdehardia, ParyplnmUi ^ 
and other carnivorous Mollusca. A specimen of Emiea sulvatay 
enclosed in the same box as a Madagascar Helix {seimldiraii^ 
Fer.) many times its own size, completely emptied the shell of 
its inliabitant.- Mr. E. L. I^iyard informs me that certain Cap* 
JiliytUhty e.fj. B. eapsuht Ikms., Jt duwdicola Bens., and JL ver7ii- 
rnaa Kr., eat CydoHtoma ajfi'my Helix capemis, H, cotyledoniSy etc. 
To ^fr. Layard Tam also indebted for the — perhaps apocryphal — 
tradition that the best time to capture the great Aerope caffra 

^ Krjavoc, Xachr. DevtscJi, Maloh. (lencU, 1885, p. 88. 

* Crosse, Jonrn. df Cmich. (3) xiv. (1874) p. 223. 
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Fer. in numbers was after an engagement between the Kaffirs 
and Zulus, when they might be observed streaming from all points 
of the compass towards the field of slaughter. The (luban 
Olectcina are known to secrete a very bitter fluid which they 
emit ; this perhaps produces a poisoning or benumbing effect 
upon their victims when seized. They devour opcrculates, e.g, 
HcMcina reguia and mgraiana.^ 

^ C. Wright, Zoologist, 1869, p. 1700. 
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ENEMIES OK THE MOLLUSCA MEANS OF DEFENCE — MIMICEY AND 

PROTECTIVE COLORATION — PARASITIC MOLLUSCA COMMEN- 
SALISM ^VARIATION. 

Enemies of the MoUusca 

The juicy flesh and defenceless condition of many of the MoUusca 
make them the favourite food and often the easy prey of a host of 
enemies besides man. Gulls are especially partial to bivalves, and 
may be noticed, in our large sandy hays at the recess of the tide, 
busily devouring Tellim, Mactra, Mya, Syndosmya, and 8olm. On 
the Irish coast near progheda a herring gull has been observed ^ 
to take a large mussel, fly up with it in the air over some shingly 
ground and let it faU. On alighting and finding that the shell 
was unbroken it again took it up and repeated the process a 
number of times, flying higher and higher with it imtil the shell 
was broken. Hooded crows, after many unavailing attempts to 
break open mussels with their beak, have been seen to behave 
in a similar way.* Crows, vultures, and aquatic birds carry 
thousands of mussels, etc., up to the top of the mountains above 
Cape Town, where their empty shells lie in enormous heaps 
about the cliffs.* 

The common limpet is the favourite food of the oyster- 
catcher, whose strong biU, with its flattened end, is admirably 
calculated to dislodge the limpet from its seat on the rock. 
When the limpet is young, the bird swallows shell and all, and 
it has been calculated that a single flock of oyster-catchers, 
frequenting a small Scotch loch, must consume hundreds of 

> W. V. Tjegge, Zoologist, 1866, p. 190. - Blackwall, Heseardiea, p. 139. 

’ Barrow, Travels in South J/riea, ii. p. 67. 
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thousands of limpets in the course of a single year. Eats are 
lixceedingly fond of limpets, whose shells are frequently found in 
heaps at the mouth of rat holes, especially where a cliff shelves 
gradually towards a rocky shore. A rat jerks the limpet off with 
a sudden movement of his powerful jaw, and, judging from the 
size of the empty shells about the holes, has no difficulty in 
dislodging the largest specimens. ‘ I once landed,’ relates a 
shepherd to Mr. W. Anderson Smith,^ ‘on the I. of Dun- 
staffnage to cut grass, and it was so full of rats that I was afraid 
to go on ; and the grass was so full of limpets that I could 
scarcely use the scythe, and had to keep sharpening it all the 
time.’ Sometimes, however, the limpet gets the better both of 
bird and beast. The same writer mentions the case of a rat 
being caught by the lip by a limpet shell, which it was trying 
to dislodge. A workman once observed ^ a bird on Plymouth 
breakwater fluttering in rather an extraordinary manner, and, on 
going to the spot, found that a ring dotterel had somehow got 
its toe under a limpet, which, in closing instantly to the rock, 
held it fast. Similar cases of the capture of ducks by powerful 
bivalves are not uncommon, and it is said that on some parts of 
the American coasts, where clams abound, it is impossible to keep 
ducks at all,^ for they arei sure to be caught by the molluscs and 
drowned by the rising tide. 

The Weekly Bulletin of San Francisco, 17th May ISOeJ, con- 
tains an account of the trapping of a coyote, or prairie wolf, 
at Punta Banda, San Diego Co., by a Haliotis Crucherodii. The 
coyote had evidently been hunting for a fish breakfast, and 
finding the Haliotis partially clinging to the rock, had inserted 
his muzzle underneath to detach it, when the Haliotis instantly 
closed down upon him and kept him fast prisoner. 

Eats devour the ponderous Uniones of North America. When 
Unio moves, the foot projects half an inch or more beyond the 
valves. If, when in this condition, the valves are tightly pinched, 
the foot is caught, and if the pinching is continued the animal 
becomes paralysed and unable to make use of the adductor 
muscles, and consequently flies open even if the pressure is 
relaxed. The musk-rat {Fiber zibethicus) seizes the Unio in his 
jaws, and by the time he reaches his hole, the Unio is ready to 

^ Loch Creran^ p. 102. Cordcaiix, Zoologisi^ 1873, p. 3396. 

^ Amer, NcU* xii. p. 695 ; Science Gossipf 1865, p. 79. 
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gape.^ Rats also eat Vivipara, and even TAninaea, in every par t 
of the world. 

Every kind of slug and snail is eaten greedily by blackbirds, 
thrushes, chaffinches, and in fact by many species of birds. A 
thrush will very often have a special sacrificial stone, on whicli 
he daslics th(? shells of Helix dspersa and nemoralis^ holding 
them by the lip with his beak, until the upper whorls are broken ; 
heaps of empty shells will be found lying about the place of 
slaughter. The bearded Titmouse {Parus hiarmicus) consumes 
(piaiitities of Succinea putris and small Pupa, which arc swallowed 
wliole and become triturated in the bird’s stomach by the aid of 
numerous angular fragments of quartz.^ 

Erogs and toads are very partial to land Mollusca. A garden 
attached to the Laboratory of Agricultural Chemistry at Rouen 
had been abandoned for three years to weeds and slugs. The 
director introduced 100 toads and 90 frogs, and in less than a 
month all the slugs were destroyed, and all kinds of vegetables 
and flowers, whose cultivation had until then been impossible, 
were enabled to flourish.** 

Certain Coleoptera are known to prey upon Helices and 
other land Mollusca. R<5cluz noticed, near Agde, a beetle {Staphy- 
linus olens) attack Helix ericetorum when crawling among herb- 
age, sticking its sharp mandibles into its head. Every time 
th(j snail retreated into its shell the beetle waited patiently 
for its reappearance, until at last the snail succumbed to the 
repeated assaults. M. Lu(?as noticed, at Oran, the larva of a 
Drilus attacking a Cyclostoma, The Drilus stood sentinel at the 
mouth of the shell, which was closed by the operculum, until the 
animal began to issue forth. The Drilus then with its mandibles 
cut the muscle whicdi attaches the operculum to the foot, dis- 
abling it sufficiently to prevent its being securely closed, upon 
wliich it entered and took possession of the body of its defence- 
less host, completing its metamorphosis inside the shell, after a 
period of six weeks.** The female glow-worm (Jjarnpyris noctihica) 
attacks and kills Helix nemoralis. 

Among the Clavicornia, some species of Silpha carry on a 
determined warfare against small Helices. They seize the shell 

Joxtrn. Trerd. N. II. Soc, 1887, p. 68. *** Ann. Ned. Hist. iii. 1893, pp. 238, 239. 

3 Eev. Nat. Sc. Oue^, 1891, p. 261. 

* Pfttit fie la Saussaye, Journ. dc Contdt. iii. p. 97 f. 
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in their mandibles, and tlien, throwing their head backwards, 
break the shell by striking it against their prothorax. 

The common water beetle, Dytiscus nnarginalis, from its 
strength and savage disposition, is a dangerous enemy to fresh- 
water Mollusca. One Dytiscus^ kept in an aquarium, has been 
noticed to kill and devour seven Limnaea stagnalis in the course 
of one afternoon. The beetles also eat L, peregra, but apparently 
prefer stagnalis, for when equal quantities of both species were 
placed within their reach, tliey fixed on the latter species first.^ 

In East Africa a species of Ichneumon {Herpestes fasciatus) 
devours snails, lifting them up in its forepaws and dashing them 
down upon some liard substance.*^ In certain islands off the south 
('oasts of Burmah, flat rocks covered with oysters are laid bare at 
low tide. A species of Monkey {Macacus cynomolgus) has been 
noticed to furnish himself with a stone, and knock the oysters 
open, always breaking the hinge-end first, and then pulling out 
the mollusc with his fingers.^ 

The walrus is said to support himself almost (uitirely on two 
species of Mya (truncata and arenaria), digging them out of the 
sand, in which they live buried at a depth of about feet, with 
his powerful tusks. Wliales swallow enormous numbers of pcdagic 
molluscs {Clio, Limacina), wliich are at times so abundant in the 
Arctic seas, as to colour the surface for miles. Many of the 
Iarg(*r Cetac'ea subsist in great part on (Cephalopoda ; as many as 
1 S lbs. of beaks of Teuthidae have been taken from the stomach 
of a single Hyperoodon, 

Eish are remarkably j)artial to Mollusca of various kinds. 
The cat-fish {Ghimaera) devours Peciunculus and Cyprin(i\ crush- 
ing the stout shells with its powerful jaws, while flounders and 
soles content themselves with the smaller Tdlina and Syndosmya 
which they swallow whole. As many as from 30 to 40 speci- 
mens of Buccinum undatum have been taken from the stomach 
of a single cod, and the same ‘ habitat ’ has been recorded for 
some of the rarer whelks, e.g, Bucc. humphreysianum, Fusus 
fenesiratus, the latter also occurring as the food of the haddock 
and the red gurnard. No less than 35,000 Turtonia minuta 
have been found in the stomach of a single mullet. Nudibranchs 
are no doubt dainty morsels for fish, and hence have developed, 

* J. W. 'Williams, Scic}icc Gossip, 1889, p. 280. ^ Noack, Xool. JB, ii. ]>. 254. 

® La Nature, xv. (2) p. 46. 
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in many cases, special fiicultics fm* concealment, or, if distasteful, 
special means of remaining conspicmuis (see pp. 71-74). 

Besides the dangers to which they are exposed from other 

enemies, many of the weaker 
forms of Mollusca fall a prey to 
their own brethren. JY(/J<sa and 
Miirrx on this side of tlie At- 
lantic, and Urnsffijrhtx on the 
other, are the determined foi»s 
of tlie oyster. Fwrpura IffplUftH 
predtu’s to any 

ollitT food, piercing the slu*ll in 
about two days time l)y its 
powerful radula, which it ap- 
pears to emjdoy somewhat in 
gimlet fashion. Tf Mi/tilvn 
cannot lui jaocured, it will eat 
J/dtorina or yVwA//^*, but its 
attempts on the liard sliell <d’ 
The statement whicli is soiiu*- 
times made, that the Fu.rpura makes its hole over the vital ])arts 
(if tlie apjJCiU’S, acicordiug to the (‘vidence emliodied in 

tlic annexed figure, to lie without foundation. The fact is that 
a hole ill any part of its slicll is fatal to thc^ since tlu^ 

long proboseds of the Fvrjnira, liaving once made an entrance, 
(‘an nnicli Ironi one end of tlie sladl to the other. The branchiae 
are first attacked, the adductor muscles and edges of the mantle 
last. Nfdira and X((ssa pierce in a similar way the sladls of 
Jfaetra, Tdlina, IhinaXy ixmXVetivfi. is furnislual 

with a ])owerful tooth at the lower part of its outer lip. Al 
X ouniea, in X(nv (.’aledonia, its favouritti food is Arrff 
whi(*h lives half buri(Ml in coral refuse. The Murex has been 
seen to drag the Art'd. from its pla(‘e of concealment, and insert 
the tooth between the valves, so as to prevent their closing, upon 
whicli it was enabled to devour its prey at leisure.* 
s The carnivorous land iVIollusca, with the (‘xception of Testu- 
i-Ala, appear to feed by preference up(m other snails (pp. 54, 55). 

Parasitic Worms, Mites, etc. — A considerable numlier of 
the Trematode worms pass one or more of the stages in the 
^ Fraiioois, Arvh» Zmil. ficn, (2) ix. p. 210. 



ViG. 22.- 'Pwo valves of Mylihia eihi/is 
L., rc'preseutiiii^ <liagrainiiiiitical]y the 
approximate p(3sition of llie liolea 
liored liy Purpitm in ahoiit 100 speri- 
mens of Mt/tilufi, gather(?<l at New- 
ipiay, (. Cornwall. 

FaicUa are genera, 11}' failurt*s. 
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cycle ct‘ their development within the bodies of Mollusca, iittaiii- 
iiig to the more perfect or sexual form on reaching tlie interior 
of some vertebrate. Thus J^iatoma mdolftlmm ])uj. finds its 
first intermediate host in Limmiea stAujnalis and L, orttta, its 
second in Z. Htagiwlis, tir in one of the fresh -water slirimps 
(^Gainmarus or in the larvae of one of the Phnjganeidue 

(^TAia)ioidiilus rhomhicus), attaining to tlie sexual form in the 
common frog. Pistonia (midla v. lien, passes firstly tlirougli 
JAmnaea stagnalis (jr Planorhis corneus, secondly througli certain 
Hies and gnats (^Ephcruera, Perla, Ghironomm)^ and finally arrives 
witliin certain specii^s of bats. Pistoma nodidosum Zed. inhabits 
firstly Paludina secondly certain 

fishes (Og2>AnnSj Acerina), and lastly the /I k 

common perch. The sporot*yst of Pistonnt M ll 

vuwrosfA)mum inliabits Svminca jriAritiy M y 

pushing itself uj) into the tentacles, which W ( 

become unnaturaUy distended (Fig. 2»>). i 

While in this situation it is swallowed by 

various birds, sucdi as the thrush, wagtaii, Tromatode 

. \ \voY\n(Leur(tc/uort(hui/i 

and blackbird, which are partial to A^inxincff, pamdoxam Car.) i)ara- 

and thus obtains lodgment in their bodies. !" 

Sucr.Lneaputrislu 

Amj)lidstoma mdudimUif vi spends an early (after Bamion). 

stage in Planorbis con tor tvs, after whic'h it 
becomes encysted on the skin of a frog. AVhen the frog sheds 
its skin, it swallows it, and with it the Aifqdiistoi/Kt, which 
thus becomes established in the frogs stomach.^ 

Tlie common liver-ihike, which in the winter of 1879-1880 
cost this country the lives of no less than three million sheep, is 
perhaps the best known of these remarkalile parasitic forms of 
life. Its history shows us, in one important particular, how 
essential it is for the creature to meet, at certain stages of its 
existence, with the exact host to which it is accustomed. Unless 
tlie newly -hatched embryo finds a lArnnaea iruncatula within 
about eight hours it becomes exliausted, sinks, and dies. It has 
been tried witli all tlie other common pond and river Mollusca, with 
Jjimnaea peregra^ palustris, aurwularia, stagiudis, with Planortyis 
warglumtus, carimitus, vortex, and spirorhis, with Plrgna font mal is, 
llithynm tentmalata-, Paludimt vivipara, as well as with Hveeineu 
putris, Limax agrestis and maximus, Avion ater and liortevsu, 

^ A. Lang, Ber, Naturf, Ges, Freih, vi. 1892, p. 81. 
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Not one of them would it touch, except occasionally very young 
specimens of L. peregray and in these its development was arrested 
at an early stage. But on touching a X. trumatula the embryo 
seems to know at once that it has got what it wants, and sets 
to work immediately to bore its way into the tissues of its 
involuntary host, making by preference for the branchial chamber; 
those which enter the foot or other outlying parts of the Li)nnaca 
proceed no farther.^ 

Many similar cases occur, in which littoral Mollus(ja, sucli as 
Littorina, and Buccinuvij form the intermediate host to a worm 
whicli eventually arrives within some sea-bird. 

Certain Nematode worms (Bhabditis) arc known to inhabit 
the intestine of Arion, and the salivary glands of Limcm agrestis. 
Diptera liabitually lay tlunr eggs within the eggs of Helix aiul 
Li max. Many spc^cies of mite (Acarina) infest land Pulnionata. 
No adult Limax meeximas is without at least one specimen of 
Pkilodromus (?) Iwiacuniy and the same, or an allied species, appears 
to occur on the larger of our Helices, retiring upon occasion into 
the pulmonary chamber. 

Several of the Crustacea live associated with certain molluscs. 
Fhinotheres lives within the shell of Piima, Ostrea, Astarte, 
Fectunculus, and others. Apparently the females alone reside 
within the shell of their host, while the males seize favourable 
opportunities to visit them there. A specimen of the great 
pearl-oyster (^Meleagrina margaritifem) was recently observed 
which contained a male Pinnotheres encysted in nacre. It was 
suggested that he had intruded at an unfortunate time, wlieii no 
female of his kind happened to be in, and that, having penetrated 
too far beneath the mantle in the ardour of his search, was made 
prisoner before he could escape.*^ Ostracotkeres Tridtmiae lives 
in the branchiae of the great Tridaxna, A little brachyurous 
crustacean inhabits the raft of lanthim, and assumes the brilliant 
blue colour of the mollusc. 

Means of Defence 

"As a rule, among the Mollusca, the shell forms a passive 
mode of resistance to the attacks of enemies. Bivalves are 

1 A. P. Thoinaa, Q. J. Mkr, Sc., N. S., xxiii. (1883) p. 99. 

- H. Woodward, P. Z. S. 1886, p. 176. 
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enabled, by closing their valves, to baffle the assault of their 
smaller foes, and the operculum of univalves, both marine and 
land, serves a similar purpose. Many land Mollusca, especially 
Helioa and Pwpa, as well as a number of Auriculidae, liave the 
inside of the aperture lieset with teeth, which are sometimes so 
numerous and so large that it is puzzling to understand how the 
animal can ever come out of its shell, or, having come out, can 
ever draw itself back again. Several striking cases of these 
toothed apertures are given in Fig. 24. Whatever may be the 



Fig. 24, — Tllustratiiig tlic elaborate arraiigeniont of teeth in the aperture of some laiul 
Puliiionata. A. Helix {Labyrivthus) bif areata Dcsli., Eriuador. B. //. {H/enro- 
doufa) jncturata Ad., Juiuaica. C. II. {ItcnteUaria) nax denlienlata Cheni., 
Deinerara. D. Anostmna carinaluvi Pfr., Brazil ; a, tube coiiniiuiiicatiiig with 
interior of shell. E. H. {Stemtrema) stenotrciiut Fit., Tennessee, x F. //. 
{l^olyffyra) auricMlata Say, Florida, x -^, G. II. {Hlectupylis) rej'aya 
serim (a and b x 2). 

origin of these teeth, there can be little dou))t that tludr extrciiini 
development must have a protective', result in op])Osing a liiirrier 
to the entrance, predatory or simply impiisitive, of beetles- and 
other insects. Sometimes, it will be noticiHl (tr), the apc'.rturc 
itself is fairly simple, but a formidable array of obstacles is 
encountered a little way in. It is possilile that the froth emitted 
by many land snails has a similar ellect in involving an irritating 
intruder in a mass of sticky slime. The mucus of slugs and 
snails, on the other hand, is more probably, besides its use in 
facilitating locomotion, a contrivance for checking evaporation, 
by surrounding the exposed jiarts of their bodies with a A'iscid 
medium. 

Some species of Lima shelter themselves in a nest constructed 
of all kinds of marine refuse, held together by byssiferous threads. 
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Modiola adriatica., M. barbata, and sometimes 3f. modiolus, con- 
ceal themselves in a similar way. Gnstrochacna frequently 
encloses itself in a sort of half cocoon of cement-like iJiaterial. 
The singular genus protects itself from ohservation hy 

gluing stones, shells, and various debris to the uppt?r side of its 
whorls ( Fig. 25). Sometimes the selection is made with remark- 
able care ; the Challentjer, for instance, obtained a specimen 
whicdi had d(H?orated its body whorl exclusively with long and 
pointed shells (Fig. 26). 



Fig, 25 . — Xenophora {Phorua) 
couch i/liopho fa Born., con- 
cealed by the stones wliich 
it gliuis to tlie upper surface 
of its shell. (From a British 
Museum specimen. ) 



Fm. 26. — Xenophftra{Phorus) paUidula Reeve, 
A mollusc wliich escapes detectiem by 
covering itself witli dead shells of other 
species. (From a CluUlemjer specimen in 
the British Museiiiii, xL) 


The formidable spines with which the shells, e.f/. of the 
Murex family, are furnished must contribute greatly to tlieir 
protection against fishes, and other predatory animals. Murex 
tenuispina, for instance (see chap, ix.), would prove as dangerous 
a morsel in the mouth of a fish as a hedgehog in that of a dog. 
Whether the singular tooth in the outer lip of Lemozonia (see 
cliap. xiv.), a feature wliich is repeated, to a less marked extent, in 
Monoecros and several of the West Coast muricoids, is develuxied 
for defensive juuqioscs, cannot at jiresent be decided. 

, The Stromhidae possess the power of executing long leaqis, 
which they doubtless einjiloy to escape from their foes. Tn their 
case alone this jiower is combined with singular quickness of 
vision. On one occasion Mr. Cuming, the celebrated collector, 
lost a beautiful sjiecimen of Terehelluni, by the animal suddenly 
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leaping into the water, as he was holding and admiring it in his 
hand. Miss Saul has informed me that the first living specimen 
of Trigonia that was ever obtained was lost in a similar way. It 
was dredged by Mr. Stutchbury in Sydney Harbour, and placed 
on the thwart of a small boat. He had just remarked to a 
companion that it must be a Trigonia, and his companion had 
laughed at the idea, reminding him that all known Trigonia were 
fossil, when the shell in question baffled their efforts to discover 
its generic position by suddenly leaping into the sea, and it was 
three months before Mr. Stutchbury succeeded in obtaining 
another. 

Some genera possess more than merely passive means of 
defence. Many Cephalopoda emit a cloud of inky fluid, which 
is of a somewhat viscous nature, and perliaps, besides being a 
means of covering retreat, serves to entangle or impede the 
pursuer. The formidable suckers and hooks possessed by many 
genera in this Order are most dangerous weapons, both for 
offence and defence. Aplysia, when irritated, ejects a purple 
fluid which used to be considered dangerously venomous. Many 
of the Aeolididae, including our own common Aeolis papillosa, 
possess stinging cells at the end of their dorsal papillae, the effect 
of which is probably to render them exceedingly distasteful to 
fish. 

The common Vitrina pelhicida has a curious habit which in 
all probability serves for a defence against birds in the winter. 
When crawling on the edge of a stone or twig it has the power 
of suddenly jerking its " tail,’ so as to throw itself on the ground, 
where it is probably lost to sight among decaying leaves. At 
other times it rolls away a few inches and repeats the jump.* It 
also possesses the power of attaching to itself bits of leaves or 
soil, which entirely cover and conceal both shell and animal.^ 
The property of parting with the tail altogether, a remarkable 
form of self-defence, has already been noticed on p. 44. 

The poisonous nature of the bite of certain species of Conus is 
well authenticated. Surgeon Hinde, R.N., saw ^ a native on the 
I. of Matupi, New Britain, who had been bitten by a Conus 
geographus, and who had at once cut small incisions with a sharp 
stone all over his arm and shoulder. The blood flowed freely, 

^ W. E. Collingc, Zoologist, 1890, p. 407. 

* rroc, Linn. Soc. N, S. Wales, ix. p. 944. 
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and the native explained tliat had he not taken these precautions 
he would have died. Instances liave keen 
recorded of poisonous wounds being inflicted 
by tlie bite of Conus aulicus, C. textile^ and C. 
tnlipa. A(iCording to Mr. J. Macgillivray ^ C. 
textile at Aneiteum (S. racific) is called intraj/, 
and the natives say it spits the poison upon 
them from several indies off*! Two cases of 
bites from C. textile occurred to this gentle- 
man’s notice, one of which terminated iatally 
by gangrene. Sir Edward Jiclcher, when in 
command of tlie Samarang, was bitten'^ by 
a Conns anlkus at a little island off 1’ernate in 
the Moluccas. As he took the cniature out of 
the water, it suddenly exserted its jirol/oscis 
and inflicted a wound, causing a sensation 
similar to that produced l)y the burning of 
X, . X X, ^ phosphorus under the skin. 'J'he wound was 

the radula of Conua a Small, deep, triangular mark, succeeded by a 
wiperialia h., x 50, -^vatery vesicle. The natives of Nc 3 W Guinea 
poison duct. li^vc a wholesotiie dread of the bite ot (.ones. 

Mr. C. Hedley relates that while collecting on 
a coral reef he once rolled over a boulder and exjuiscd a liA'ing 
C. textile. Before he could jiick it up, one of the natives liastily 
snatched it away, and explained, with vivid gesticulations, its 
liurtful qualities. On no account would he permit Mr. Hedley 
to touch it, but insisted on himself placing it in the bottle of 
spirits. 



Mimicry and Protective Coloration 

Cases of Mimicry, or protective resemblance, when a species 
otherwise defenceless adopts the outward appearance of a better 
protected species, are rare among the Mollusca. Karl Semper ^ 
mentions an interesting case of the mimicry of Hcliearion tigrinus 
^by Xesta Cumingiiy in the Bhilippines. It appears that all 

* Zoologisty xviii. (1860) p. 7136. 

2 A. Adams, SuTiuiranyy vol. ii. Zoology, p. 357. 

® In Thomson’s British New Gnhwn, 2 >. 283. 

^ Animal Life, j). 395. It should bo mentioned that Von MbllendorfT {Jier, Senck. 
Ges, 1890, p. 198) ridicules the whole theory. 
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species of Jlelicarion possess the singular property of shaking olT 
the ‘ tail * or hinder part of the foot, when seized or irritated. 
Specimens captured by collectors, Ilel. tigrinus amongst them, 
have succeeded in escaping from the hand, and concealing them- 
selves, by a sort of convulsive leap, among the dry leaves on the 
ground. This power of self-amputation must be of great value 
to Helicariony not only as enabling it to escape from the clutch 
of its enemies, but also as tending to discourage them from 
attempting to capture it at all. Now the genus Xcsta is, in 
anatomy, very far removed from Heliccvrion, and the majority of 
the speci(?s are also, as far as the shell is concerned, equally 
distinct. Xcsta Cumingii, however, has, according to Semper, 
assumed the appearance of a ITelicarum, the thin shell, the long 
tail, and the mantle lobes reflected over the shell ; but it has not 
the power of parting with its tail at short notice. It lives 
associated with Helicarion, and so closer is the rcstiinblancc between 
them that, until Semper pointed out its true position, it had 
always been classified as a memlxT of that group. 

In the same passage Semper draws attention to two other 
cases of apparent mimicry. The first is another speedes of Xesta 
(ininclanaensis) which closely resembles a species of llliysota 
{Aritonii), a genus not indeed so far removed from X^csia as 
Ilelicarion, but, as far as the shell is concerned, well distinguished 
from it. Ill this case, however, there is no obvious advantage 
gained by the resemblance, since Rkysoia as compared with 
Xesta is not known to possess any definite point of superiority 
which it would be worth while to counterfeit. A second case of 
resemblance between certain species of the genus Chlorccea and 
the characteristic Philippine group Cochlostyla will not hold good 
as affording evidence of mimicry, for Clilomea is now recognised 
p,s a subgenus of Cochlostyla, 

The Mollusca are not much mimicked by creatures of different 
organisation. This appears at first sight strange, since it might 
have been thought that the strong defensive house of a snail was 
worth imitating. Still it is probably not easy for creatures 
bilaterally symmetrical to curl themselves up into an elevated 
spiral for any length of time. One or two instances, however, 
may be mentioned. The larva of a moth belonging to the 
Psychidae, and occurring in France, Germany, the Tyrol, and 
Syria, coils itself up into a sinistral spiral of three whorls, and is 
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aptly named Psyche helix, a kindred species from Italy being 
known as Ps. planorlis. 

An insect larva {Gochlophora valvata) from E. Africa is said 
to resemble a Valvata or young Cyclostoma. In this case the 
spiral is indifferently dextral or sinistral, the ^ shell ' being formed 
of masticated vegetable matter, united together by threads spun by 
the larva. Certain larvae of the Phryganeidae Caddis- worms ”) 
enclose themselves in houses which more or less resemble a 
spiral shell, and have in some cases actually been described as 
molluscan. Such species, some of which belong to Helicopsyche, 
have been noticed in S. Europe, Ceylon, Further India, China, 
Tasmania, New Zealand, Tennessee, Mexico, Central America, 
Venezuela, Brazil, and Argentina, and alP possess a dextral 
' shell" In all these cases ' mimicry " is probably not so much to 
be thought of as the practical advantages which accrue to the 
animal in question from the spiral form, which gives it greater 
strength to resist external blows, and enables it to occupy, during 
a very defenceless portion of its existence, a very small amount 
of space. 

The larva of some species of the Syrphidae {Diptera) fixes itself 
on the under side of stones in the Tyrol, and closely resembles a 
small slug. The naturalist Von Spix, in 1825, described to the 
Bavarian Academy as a new genus of land Mollusca a somewhat 
similar larval form found in decaying wood on the banks of a 
German lake.‘^ Simroth mentions ^ a curious case as occurring 
near Grimma. The caterpillars of certain Microlepidoptcra occur 
on slabs of porphyry, associated with a species of Glausilia. 
Besides being of the same colour as the Clausiliae, the caterpillars 
have actually developed cross lines on the back, i.e. on the side 
turned away from the rock, in imitation of the suture of the 
mollusc. 

It has been suggested ^ that there is mimicry between Aeolis 
papillosa (a common British nudibranch) and Sagartia troglodytes 
(an Actinian), and also between another species of Sagartia and 
Aeolidiella Alderi. The facts observed are not sufficient to 
warrant a decided opinion, but it seems more probable that the 

1 Von Martens, SB. Nat. Fr. Berl. 1891, p. 83. 

■ Von Martens, ibid. 1887, p. 183. • SB. Nat. Qesell, Leipz. xiii.-xiv. p. 46. 

^ Gurstang, J<mm. Mar. Biol. Ass. N. 8. i. p. 432 ; Giard, Bull. Sci. Fr. Belg» 
1888, p. 502 £ 
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Actinian mimics the nudibranch than vice versd^ since Aeolis is 
known to be unpalatable to fishes. 

Certain species of Stromhus {mauritianus L., luhuamts Jm) 
sliow a remarkable similarity in the 
shape of the sliell to that of Conus, 
so much so, that a tiro would be 
sure to mistake them, at first sight, 
for Cones. In the case of S. lull- 
uanus at least, this similarity is 
increased by tlie possession of a 
remarkably stout brown epidermis. 

Now C071US is a flesh-eating genus, 
armed with very powerful teeth 
which are capable of inflicting even 
on man a poisonous and sometimes 
fatal wound (see p. 66). Stromhus, 
on the otlier hand, is probably frugi- 
vorous, and is furnished with weak and inoffensive teeth. It is 
possible that this resemblance is a case of ' mimicry.^ It is quite 
conceivable that powerful fishes which would swallow a Stromhus 
whole and not suffer for it, might acquire a distaste for a Cone, 
which was capable of lacerating their insides after being swal- 
lowed. And therefore the more like a Cone the Stromhus became, 
the better chance it would have of being passed over as an 
ineligible article of food. 

Protective coloration is not uncommon among the Mollusca. 
TAttorina ohtusata is habitually found, on our own coasts, on 
Fucus vesiculosus, the air-bladders of which it closely resembles 
in colour and shape. TAttorina pagodus, a large arid showy 
species, resembles so closely the spongy crumbling rocks of 
Timor, on which it lives, that it can hardly be discerned a pace 
off. ITelcion pellucidum, the common British ‘ blue limpet,’ lives, 
when young, almost exclusively on the iridescent leaves of 
the great Ijaminariae, with the hues of which its own con- 
spicuous blue lines harmonise exactly. In mature life, when 
the Helcion invariably transfers its plae^ of abode to the lower 
parts of the stalk and finally to the root of the Laminaria, which 
are quite destitute of iridescence, these blue lines disappear or 
become much less marked. 

The specimens of Purpura lapillus which occur at Newquay 
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Fia. 28. — A, Stromlnis nnauritiamis 
Lam., which mimics Conus in 
shape. B, Conus janus Hwass, 
Mauritius. 
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in Cornwall are banded with rings of colour, especially with 
black and white, in a more varied and striking way than any 
other specimens that have ever occurred to my notice. I am 
inclined to refer this peculiarity to a tendency towards protective 
coloration, since the rocks on which the Purjpura occurs are 
often banded with veins of white and colour, and variegated to a 
very marked extent. 

Ovula varies the colour of its shell from yellow to red, to 
match the colour of the Gorgonia on which it lives. The same is 
the case with Pedicularia, which occurs on red and yellow coral. 

Selix desertoTUTTij by its gray -brown colour, harmonises 
well with the prevailing tint of the desert sands, among which 
it finds a home. Benson observes that the gaudy H, haemastomety 
which lives on the trunks of palm-trees in Ceylon, daubs its shell 
with its excrement. Our own BuUminus ohscuruSy which lives 
principally on the trunks of smooth -barked trees, daubs its 
shell with liiud, and must often escape the observation of 
its enemies by its striking resemblance to the little knots on 
the bark, especially of beech trees, its favourite haunt. Some 
species of Microphysety from the West Indies, habitually encrust 
their shells with dirt, and the same peculiarity in Vitrina 
has already been mentioned. Ariophanta Dohertyi Aldr., a 
recent discovery from Sumatra, is of a green colour, with 
a singularly delicate epidermis; it is arboreal in its habits, 
and is almost invisible amongst the foliage.^ Many of our 
own slugs, according to Scharff, are coloured protectively 
according to their surroundings. A claret -coloured variety 

of Avion ater occurred to this observer only in pine woods, 
where it harmonised with the general colouring of the ground 
and the pine-needles, while yoimg winter forms of the same 
species choose for hiding-places the yellow fallen leaves, 
whose colour they closely resemble. Umax marginatus ( = ario- 
rum Bouch.) haunts tree trunks, and may easily be mistaken 
for a piece of bark; Amalia carinata lives on and under the 
ground, and in colour resembles the mould ; Arion intermedins 
feeds almost exclusively on fungi, to which its colour, which 
is white, gray, or light yellow, tends to approximate it closely ; 
Geomalacus maeulosus conceals itself by its striking resemblance 
to the lichens which grow on the surface of rocks, and actually 
1 NautUuSy vi. 1892, p. 90. 
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presumes on this resemblance so much as to expose itself, 
contrary to the usual custom of its congeners, to the full light 
of the afternoon suii.^ 

Several views have been advanced with regard to the dorsal 
papillae, or cerata, in the Nudibranchs. Professor W, A. 
Herdman, who has examined a considerable number of our 
own British species, in which these processes occur, is of 
opinion^ that they are of two quite distinct kinds. In the 
first place, they may contain large offshoots, or diverticula, 
of the liver, and thus be directly concerned in the work of 
digestion. Tliis is the case with Aeolis and Doto. In the 
second place, they may be simply lobes on the skin, with no 
connection with the liver, and no special function to perform. 
This is the case with Tritonia, Ancula, and Dendronotus, 

Professor Herdman is of opinion that although the cerata 
may in all cases aid in respiration to a certain extent, yet 
that extent is so small as to be left out of consideration 
altogether. He regards the cerata in both the two classes 
mentioned above as '^of primary importance in giving to the 
animals, by their varied shapes and colours, appearances which 
are in some cases protective, and in others conspicuous and 
warning.” 

Thus, for instance, Tritonia pleheia, which is fairly abundant 
at Puffin and Hilbre Is., appears always to be found creeping 
on the colonies of a particular polyp, Alcyonium digitatum, 
and nowhere else. The specimens in each colony of the polyp 
differ noticeably both in the matter of colour, and of size, 
and of varied degrees of expansion. The Tritonia differs 
also, being marked in varied tints of yellow, brown, blue, 
gray, black, and opaque white, in such a way as to harmonise 
with the varied colours of the Alcyonium upon which it 
lives. Tfie cerata on the back of the Tritonia contribute 
to this general resemblance. They are placed just at the 
right distance apart, and are just the right size and colour, 
to resemble the crown of tentacles on the half- expanded 
polyp. 

Similarly, Doto eoronata, which, when, examined by itself, 
is a very conspicuous animal, with showy, bright-coloured cerata, 

^ R. F. Scharff, Sci. Trans. B. Duhl. Soc. (2) iv. p. 553 f. 

® Q. Joum. Micr. Sci. N. S, xxxi. (1890) p. 41 f. 
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is found' by Professor Herdman to haunt no other situations 
but the under-side of stones and o'verhanging ledges of rock 
which are colonised by a hydroid, known as Clava imlticornis. 
The Doto is mt^ked by the teUtacles and clusters' of spoirosacs 
on the zoophyte, with whose colouring and size its own cerata 
singularly correspond. A similar and even more deceptive 
correspondence with environment was noticed in the case of 
the very conspicuous Dendronot%is arhorescens. 

In these cases, the colouring and general shape of the cerata 
are protective, i.e. they match their surroundings in such a 
way as to enable the animal, in all probability, to escape the 
observation of its enemies. According to Professor Herdman, 
however, the brilliant and showy coloration of the cerata of 
Aeolis is not protective but ‘warning.’ Aeolis does not hide 
itself away as if shunning observation, like Doto, Tritonia, and 
Dendronotus ; on the contrary, it seems perfectly fearless and 
indifferent, to being noticed. Its cerata are provided with 
sting-cells, like those of Coelenterata, at their tips, and its very 
conspicuousness is a warning to its enemies that they had 
.better not try to attack it, just as the showy white tail of 
the skunk acts as a sort of danger-signal to its own particular 
foea It is important for the Aeolis, not merely to le an 
unpalatable nettle in animal shape, but also to be conspicuous 
enough to preveni its being experimented upon as an article of 
food, in mistake for something less nasty. 

Professor Herdman subsequently conducted some experi- 
ments^ with fishes, with the ■view of testing his theory that the 
shapes and colours of Hudibranchs serve the purpose either of 
protection or warning, and bear direct relation to the creature’s 
edibility. These experiments, on the whole, distinctly tended 
to confirm the theory. Aeolis was e-vidently very nasty, aijd 
probably stung the mouths of the fishes who tried it. Por the 
complete success of the theory, they ought to ha've let it severely 
alone, but the fish were evidently accustomed to make a dash 
at anything that was dropped into their tank. Another con- 
spicuous mollusc, Amsvla cristata, was introduced. Professor 
Herdman and his collaborator each commencing operations by 
eating a live specimen themselves. They found the taste 
pleasant, distinctly like that of an oyster. The fish, however, 

^ A detailed account is given in Ihvc. Zivap. Biol. Soe. iv. (1890) pp. 160-163. 
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when the experiments were conducted under conditions which 
made the scene as much like ‘real life’ as possible, did not 
agree with ^ Professor Herdman. The Anaula crawled over 
various parts of the tank for several days untouched by the 
fish, who sometimes went close to them and looked at them, 
but never attempted to taste them. Experiments with species 
whose colours were protective, such as Dendronotus, were also 
conducted, and the decided edibility of these species was 
established, the fish competing eagerly for them, and tearing 
them rapidly to pieces. 

Mr. W. Garstang, of the Plymouth Laboratory of the Marine 
Biological Association, confirms^ Professor Herdman’s views as 
to the shape and colour of Opisthobranchs. Fleurohranchus 
memhraTMceua is known to secrete, on the surface of the body, 
an acid which reddens blue litmus paper. It is, therefore, no 
doubt distasteful to fish, which all abominate the taste of acids, 
and is conspicuously marked with red-brown and yellowish 
'warning' colours. Saminea and fhiline, on the other hand, 
are good to eat, and consequently possess ‘protective’ colora- 
tion. Jiurieina ITancocM, which is of a brown colour, crawls 
over brown mud and weeds, but avoids green weeds, on 
whose surface it would appear conspicuous. Mysia viridis 
varies its colour according to its habitat, being green when 
on green weeds, and dark olive, brown, or reddish brown, on 
pools among tufts of littoral algae. Green specimens of 
Hermaea dendritica were kept in captivity, and placed in a dish 
with green and red sea -weeds. They were never observed 
crawling upon the red weed, upon which they tiropld have 
been very conspicuous. Archidoris flammea occuried- on bright 
red sponges, to which its colour was so closely assimilated 
l^at Mr. Garstang at first quite overlooked it. Ooniodoris 
caatanea was foimd under stones, feeding on compound Ascidians 
{Botryllua), which it sufficiently resembled to be very in- 
cobspicuous in that position. 

Again, Jorunna Johnatoni lives ‘ upon stones on our southern 
coast, associated with a certain sponge {Halichondrid sp.), which 
it resembles so closely in outline, in colour, in character of 
surface, and in its projecting plumes, as to make it very 

’ Jownu Mar, Biol. Asa, N. S. i. p. 418 f. 

* Garstang, Cmchologiaitt ii. p. 49. 
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difficult even for the careful observer to distinguish the one 
from the other. And, since fishes are known to be distinctly 
averse to sponges of any kind as an article of food, this re- 
semblance must be decidedly to the advantage of the Jorunna. 
Another Nudibranch {Calnia glaucoidcs A. and 11.) imitates 
tlie ova of certain lislies, on which it feeds. Its elongated 
and dcprijsscd form of body, transparent integuments, and 
silvery gray papilbie combine to give it a strong resemblance 
to the spawn of the fish, wliich is deposited on stones, the 
roots of Laminaria, otc.^ 

The common Lamellaria perspicua appears to possess the 
power of protectively assimilating its colour, markings, etc., 
to the Ascidians on which it lives. A recent case, occurring 
off the Isle of Man, is thus described by Professor Herdman.^ 
"The mollusc was on a colony of Leptoclinnm maculatuin, in 
whi(.*h it had eaten a large hole. It lay in this cavity so as 
to be flush with the general surface ; and its dorsal integument 
was not only whitish with small darker marks which exactly 
I'eproduced the appearance of the LeptocMnum surface with 
the ascidiozooids scattered over it, but there were also two 
larger elliptical clear marks which looked like the large common 
cloacal apertures of the Ascidian colony. . . . Presumably the 
Lamellaria escapes the observation of its enemies througli 
being mistaken for part of the Leptoclinum colony; and the 
Leptoclinum, being crowded like a sponge with minute sharp- 
pointed spicules, is, I suppose, avoided as inedible (if not 
actually noxious through some peculiar smell or taste) by 
carnivorous animals which might devour such things as the 
soft unprotected mollusc.” 

Parasitic MoUusca 

Various grades of parasitism occur among the MoUusca, 
from the true parasite, living and nourishing itself on the tissues 
and secretions of its host, to simple cases of commensalism. 
Some authors have divided these forms into endo- and ecto- 
parasites, according as they live inside or outside of their host. 


^ Ilccht, CompUs IterydifiS, cxv. p. 746. 
^ C<mchologist, ii. p. 130. 
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Such a division, however, cfinnot be rigidly carried out, for certain 
fonus are indifferently endo- and ccto-parasitical, wliile others 
are ecto-parasitic in the yoiuig form, and become endo-parasitic 
in the adult. It will be convenient, therefore, simply to group 
the different forms according to the home on which they find a 
lodgment. 

On Sponges. — Vulsella and Crenatida almost invariablj" 
occur in large masses of irregu- 
lar shape, boring into sponges. 

They are especually abundant on 
Porifiu'a from the Eed Sea.. 

(Jorals form a favourite hoiiui 
of many species, amongst which 
are several forms of CoraUio- 
phila, Bhizoch Hus, Leptoeomdms, 
and Slsiewm. llkizoehilus is a 
very singular creature, inhabiting 
brancliiiig corals. When adult, it 
forms irr(‘gular shelly extensions 
of both the inner and outer lips, 
which adliere to the sliafts of tlu^ 
coral, or to the surface of neigh- 
bouring sliells ; at length the ajxu’- 
ture l)ecomes com])letely closed with the exen^ption of tlui 
sipbonal tube, wliich becomes long, and consists of the same 
shelly material. The common Magilas (Fig. 29), from tlu‘. 
Eed Sea and Indian Ocean, in the young form is shaped like, 
a small JJavcinuin. As tlie coral {M(umdrina) to which it 
attaches itself grow's, the MaffUus develops at the 'mouth a 
long calcareous tulje, the aperture of wliicdi keeps pace with 
tlu5 growth of the coral, and prevents the mollusc from being 
(uitombed. The animal lives at the free, or outer, end of the 
tube, and is thus continually shifting its position, while the 
space it abandons becomes completely closed by a mass of solid 
calcareous matter. Certain species of Ovida inhalnt Gorgonia. 
assuming the colour, yellow or red, of their liost, and, in 
certain cases, developing, probably for prehensile purposes, a 
pointed extension of the two extremities of the shell. Pcdic- 
ularia, a form fikin to Cypraea, but with a more patulous 
mouth, inhabits the common Comllium rubrum of tlie Mediter- 



Frci. 29 . — Magilns avtiqims L. : 
A, the {idiilt, imheiklei! in coral, 
wliich has hcoii broken away to 
show tlie tube ; B, the youiif; 
(free) form. 
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ranean, and another species has been noticed by Graeffe^ on 
Melithaea ochracea in Fiji. 

On Uchinodermata . — (a) Crinoidea. Stilina comatulicola lives 
on Comatula mediterranean fixed to the outer skin, whicli it pene- 
trates by a very long proboscis ; the shell is quite transparent.^ 
A curious case of a fossil parasite has been noticed by Eoberts.® 
A C'a/y/>^m<7a-shaped shell named Platyceras always occurred on 
the ventral side of a crinoid, encompassed by the arms. For 
some time this was thought to afford conclusive proof of the 
rapacity and carnivorous habits of the echinoderm, which had 
died in the act of seizing its prey. Subsequent investigations, 
liowever, showed that in all the cases noticed (about 150) the 
Platyceras covered the anal opening of the crinoid in such a way 
that the mouth of the mollusc must have been directly over the 
orifice of the anus. (6) Asteroidea. The comparatively soft 
texture of the skin of the starfishes renders them a favourite 
home of various parasites. The brothers Sarasin noticed^ a 
species of Stilifer encysted on the rays of Limhia multiformis. 
Each shell was enveloped up to the apex, which just projected 
from a hole at the top of the cyst. The proboscis was long, and 
at its base was a kind of false mantle, which appeared to possess 
a pumping action. On the under side of the rays of the same 
starfish occurred a capuliform mollusc {Thyca ectoconcha), fur- 
nished with a muscular plate, whose cuticular surface was in- 
dented in such a way as to grip the skin of the Linckia, This 
plate was furnished with a hole, through which the pharynx 
projected into the texture of the starfish, acting as a proboscis 
and apparently furnished with a kind of pumping or sucking 
action. Adams and Keeve® describe Pilcopsis astericola as living 
‘on the tubercle of a starfish,* and Stilifer astericola, from the 
coast of Borneo, as ‘living in the body of a starfish.* In the 
British Museum there is a specimen of Pileopsis crystallina ‘ in 
situ * on the ray of a starfish, (c) On the brittle starfishes {Ophiu- 
roidea) occur several species of Stiliferina. (d) JEckinoidea, Vari- 
ous species of Stilifer occur on the ventral spines of echinoids, 

^ Described as a Cypraea, but no doubt an Omda or Fedtcularia: CB, Bald, 
Par, V. p. 643. 

2 Von Graff, Z. wiss, Zool, xxv. p. 124. 

^ Proc, Amcr, Phil, Soc, xxv. p. 231. 

* JSrgch, naiiirw, Porsch, Ceylon, abstr. in Journ, Boy, Micr, Soe. (2) vi. p. 412. 

• Voyage of the Saviarang, Moll. p. 69, PI. xi. f. 1 ; p. 47, PI. xvii. f. 6. 
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where they probably subsist on the excreta, and arc sometimes 
found imbedded in the spines themselves. SC. Turtoni occurs on 
the British coasts on several species of Echinus, and Montacuta 
suhstriata frequents Spatangus purpureus and certain species of 
Echinocardium, Cidaris, and Erissus. Lepton parasiticum has 
been described from Kerguelen 1. on a Ileiniaster, and a new 
genus, Eolillardia, has recently been established ^ for a Hyalinia- 
shaped shell, parasitic on an Echinus from Mauritius, (e) IIolo- 
tliurioidea. The 'sea-cucumbers* afford lodgment to a variety 
of curious forms, some of which have experienced such modi- 
fications that their generic position is by no means established. 
EntocoTicha occurs fixed by its buccal end to the blood-vessels 
of certain Synapta in the Mediterranean and the Philippines. 
Etitocolax has been dredged from 180 fath. in Behring’s Straits, 
attached by its head to certain anterior muscles of a Myriotro- 
chus? A curious case of parasitism is described by Voeltzkow ® 
as occurring on a Synapta found between tide-marks on the 1. of 
Zanzibar. In the oesophagus of the Synapta was found a small 
bivalve {Entovaha), the animal of which was very large for its 
shell, and almost entirely enveloped the valves by its mantle. 
As many as five specimens occurred on a single Synapta, In 
the gut of the same Holothurian lived a small univalve, not 
creeping freely, but fixed to a portion of the stomach wall by a 
very long proboscis which pierced through it into the body 
cavity. This proboscis was nearly three times as long as the 
animal, and the forward portion of it was set with sharp thorns, 
no doubt in order to enable it to retain its hold and resist 
evacuation. Various species of Euliimi have been noticed in 
every part of the world, from Norway to the Philippines, both 
inside and outside Ilolothurians.^ Stilifer also occurs on this 
section of Echinoderms.^ 

On Annelida, — Cochliolepas parasiticus has been noticed under 
the scales of Acoetes lupina (a kind of ‘ sea-mouse ') in Charleston 
Harbour.® 

On Crustacea, — ^A mussel, ^ in. long, has been found ^ living 

^ E. A. Smith, Ann, Mag, Kat, HUt, (6) iii. p. 270. 

- Joum, de Conch, (3) xxix. p. 101. * Zool, Jahrb, Ahth,/, Syst. v. p. 619. 

* Se 0 especially Semper, Animal Life, Ed. 1, p. 3.')!. 

® Gould, Moll. ofU.8, expl. exped. 1852, p. 207 {St. acicula, from Eiji). 

® Stimpson, Proc, Bost. Soe. N. H. vi. 1858, p. 308. 

^ PiJgeoii, Nature, xxxix. p. 127. 
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under the carapace of the common shore-crab (Carcinns maenas), 
and one case has been noticed ^ where two mussels, one of several 
mouths growth, the other smaller; well secured 
by their byssi, w^ere found under the abdomen 
of the same species, in such a position as to 
force the appendages fipart and askew. These, 
however, are not so much c.‘ises of parasitism 
as of involuntary habitat, tlie mussel no doubt 
having become involved in the branchiae and 
the abdomen of the crab in the larval form. 

On Mollmca, — A species of Odostomia 
(pidlida Mont.) is found on our own coasts on 
the * ears ’ of Pecten maximuSy and also ^ on the 
operculum of Turritella co minimis. Anotlier 

Pio. zti. — CrepuUda (0. rissoides) frequently occurs, in Indiuj,' 

onyx Sowb., para- under beds of mussels, but it is not clear 
cuiura whctlier the habitat is due to parasitism, or 

gaieatus Swaius., simply to the fact that tlic iiuiss of uiussels, 
‘ knitted together and to the rock by the byssi, 

affords the Odostomia a safe lurking-place. At l^iUcarna the 
present writer foijnd Crepidula (2 sp.) plentiful on the opercula 
of the great Strombus galea and of Cerithium irroratnm. In 
each case the parasite exactly fitted the size of the operculum, and 
had assumed its colour, dark brown or chestnut. Amalthea is 
very commonly found on ConvSy TiLvho, and other large shells 
from the South Tacific, but this is probably not a case of 
pariasitism, but simply of convenience of habitat, just as young 
oysters are frequently seen on the carapace and even on the 
legs of large crabs. 

On Tunicata. — Lamellaria deposits its eggs and lives on an 
Ascidian {IjeptQdinuin)^ and the common Modiolaria marmorata 
lives in colonies imbedded in the test of Ascidict mcntula and 
other simple Ascidians. 

Special points of interest with regard to parasitic Mollusca 
relate to (1) Colour. This is in most cases absent, the shell 
being of a uniform hyaline or milky white. This may be due, 
in the case of the endo-parasitic forms, to absence of light, and 
possibly, in those living outside their host, to some deficiency 


^ \V, Anderson Smith, Loch Crerany p. 46. 
* Smart, Journal of Conch, v. p. 162. 
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in the nutritive material. A colourless shell is not necessarily 
protective, for though a transparent shell might evade detecti<jn, 
a milk-white* hue would probably be conspicuous. (2) Modifica- 
tion of structure. These arc in many cases considerable. 

(jOTWjArt and have no respiratory or circulatory organs, 

and no known nervous system; Thyca 
and certain Stilifer possess a curious 
suctorial apparatus; the foot in many 
cases has aborted, since the necessity 
for locomotion is reduced to a minimum,- 
and its place is supplied by an enormous 
development of the proboscis, which en- 
ables the creature to provide itself with 
nutriment witliout sliifting its position. 

K. Semper notices a case where a Uulima, 
whose habitat is the stomach of a Holo- specios of Eu- 

thurian, retains the foot uiimodilied, while skin of a Hoiothurian, 
a species occurring on the outer skin, through which it 

. ^ .11.11 1 .1 its sucking proboscis (/V) ; 

but provided with a long Jiroboscis, has B creeps freely in the 

lost its foot altogether.^ Special pro- (After^K^LmipeO^^^ 
vision for holding on is noticed in cer- 
tain cases, reminding us of similar provision in human para- 
sites. Eyes are frequently, but not always wanting, even in 
endo- parasitic forms. A specially interesting modification of 
structure occurs in (3) the Badula or ribbon-shaped arrangement 
of the teeth. In most cases of parasitism {Eidivia, Stilifer, 
Odostomia, Entoconclia, Entocolax, Magilus, Coralliophila, Le^do- 
coTicha) it is absent altogether. In Ovula and Fedicularia, genera 
which are in all other respects closely allied to Cypraea, the 
radula exhibits marked differences from the typical radula of 
the Cypraeidae. The formula (3’1'3) remains the sjime, but the 
laterals are greatly produced and become limbriated, sometimes 
fit the extremity only, sometimes along the whole length. A 
very similar modification occurs in the radula of Sistrum spectrum 
lieeve, a species which is known to live parasitically on onC of 
the branching corals. Here the laterals differ from tliose of 
the typical Pulpuridae in being very long and curved at the 
extremity. The general effect of these modifications appears to 
bo the production of a radula rather of the type of the vegetable- 

^ Animal Life, p. 351. 
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feeding Trochidae, which may perhaps be regarded as a link in 
the chain of gradually degraded forms which eventually termi- 
nate in the absence of the organ altogether. The softer the 
food, the less necessity there is for strong teeth to ‘tear it ; the 
teeth either become smaller and more numerous, or else longer 
and more slender, and eventually pass away altogether. It is 
curious, however, that the same modified form of radula should 
appear in species of Ovula (e.g. ovum) and that the same absence 
of radula should occur in species of Eulima (e.g. jaolita) known 
to be not parasitic. This fact perhaps points back to a time 
when the ancestral forms of each group are parasitic and whose 
radulae were modified or wanting, the modification or absence 
of that organ being continued in some of their non-parasitical 
descendanta 


Oommensalism 

Mollusca' are concerned in several interesting cases of com- 
mensalism, or the habitual association of two organisms, as dis- 
tinguished from parasitism, where one form preys more or less 
upon the other. 

Mr. J. T. Marsliall has given ^ an interesting account of the 
association of Mbniaeuta fei'ruginosa with Echinocardiuin cor- 
datum. The Echinoderm lives in muddy sand in Torbay, at a 
depth of about 6 inches, and the Mbntacuta lives in a burrow 
leading from its ventral end and running irregularly in a sloping 
direction for 3 or 4 inches, the burrow, which is made by a 
current from the Echinoderm, being almost exactly the width of 
the Mbntacuta. The Montaeuta were always arranged in the 
burrows in order of size, the largest being close to the Echinoderm, 
and the smallest of a string of about six at the other end of the 
burrow. In another part of S. Devon, where the sand was soft 
and sloppy, the Echinocardia rise to the surface and travel 
along the sand; in this case the Montaeuta were attached to 
their host by means of a byssus, and were dragged along as it 
travelled. 

The Bev. Dr. Norman has noted ‘ a somewhat similar habitat 
for L&pton squamosum. This rare little British species was found 
at Salcombe, living in the borrows of Gebia stellata, in all prob- 
ability feeding upon the secretions from the body of the crustacean. 

^ Jmim. qf Coneh. vi. 1891, p. 399. * Ann. Mag. N. S. (6) vU. p. 270. 
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Dr. Norman suggests that the extreme flatness of the sliell of the 
Lepton is of great advantage in enabling it not to get in the way. 
of the Gehia as he scuttles up and. down his burrow. Another 
species of Lepton is found on the coast of Florida in a precisely 
similar locality/ while a third species, occurring on the Oregon 
and California coasts, actually attaches itself to the inner surface 
of the abdomen of a Gehia? 

A very singular case of commensalism has been recently dis- 
covered with regard to a genus of Australian bivalve shells, 
Ephippodonta. This genus is never found except in the burrow 
of a species of prawn {Axius plectorhynchus Str.). For some 
reason at present unexplained, the burrow of this particular 
prawn appears to be exceedingly popular as a habitat for certain 
bivalves, for, besides two species of Ephippodonta, a Kellia and 



Fio. 32. — Kphippodnnta Mac- 
dougalli Tate, S. Aiustralia. 
A, burrowr of prawn, the x 
indicating the position of the 
mollusc ; sp^ sponge. B, 
Ventral view of Kphippo- 
donla ; hp, hyssus ; /, foot ; 
m, mantle ; vtm, fused mantle 
lK>rdera. C, View of interior 
of shells ; /t, hinge ; mW, 
adductor muscles. (Axi; 
B and C x 2. ) 


three Mylitta are found there, and there alone. ,Sometimcs tlie 
prawn, when the rock is hard, builds a tunnel of mud upon it, 
at other times it excavates the soft calciferous sandstone. " This 
burrow is lined with a tenacious brown mud, composed of excre- 
mentitious matter ; and, in addition to the mud lining, there is 
always more or less present an orange-coloured sponge which I 
have never found elsewhere. Upon the mud or sponge, and 
adhering very closely, are found the Ephippodonta. They quickly 
form a pit -like depression by means of their foot, and appear 
almost covered by the mud.” During the winter months (March— 


' Stimpson, quoted by Jeffreys, Brit Condi, ii. 194. 
* Stimpson, Journ. Bost. Soc. N. II. vi. 1857, p. 48. 
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July) the prawn appears to fill his burrow, possibly as a 
provision against stormy weather, with large quantities of minced 
seaweed, underneath which immense numbers of very young 
Jiphippodonta are found living.^ The extreme flatness of the 
Uphippodonta must be due to the same cause as the flatness of 
the Lepton noticed above, namely, the necessity of not impeding 
or interfering with the lively motions of the prawn. In the case 
of Lepton the two valves close completely and the shell is still 
very flat, in Ephippodonta, on the other hand, the same result 
is produced by the valves being opened to their widest possible 
extent. As in Entovalva^ a continuation of the mantle covers 
the outer surface of the shell. 

Variation 

It is a familiar experience to the student, not only of the 
Mollusca, but of every branch of animal or vegetable life, to 
come across examples which exhibit certain slight deviations 
from the type form as usually understood. These deviations 
may be more or less pronounced, but, as a rule, a series of forms 
can be discovered, gradually leading up to or dowii from the 
type. The definition of what constitutes a si)ccies, — and, still 
more, the rigid application of such definition — will always 
remain a difficult task, so long as the personal element persists 
in him who defines.^ What seems to one authority ample 
ground for distinction of species, another may regard as of 
comparatively trivial importance. The practical outcome of 
these divergent views is sufficiently illustrated by the attitude 
of Mr. F. P. Marrat on the one hand, and of what may be called 
the modern French school of conchologists on the other. Mr. 
Marrat holds, or held, that the great genus Nassa, of which niore 
than 150 species are generally recognised, is one shell (species) 
in an endless variety of forms. The modern French school go to 
the other extreme, and apparently proceed upon the view that 
almost any difference in form, however slight, is sufficient to con- 
stitute a separate species. 

It will be generally admitted, however, that some structural 

^ E. H. Matthews, Conckologist, ii. p. 144. 

^ Thus Limnaea involutOt which is almost universally regarded as a good and 
distinct species, has been held to be no more than a variety of X. peregra produced 
by locality ; see Zoologist^ 1889, p. 154. 
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difference in the organisation of the animal (as distinct from that 
of the shell alone) is necessary for the permanent constitution of 
specific rank.^ What amount of structural difference is required, 
what particular organ or organs must exhibit this difference, will 
depend largely upon the idiosyncrasy of the observer. But if 
this, or something like this definition of a species be accepted, 
it will follow that a so-called ‘variety’ will be a form which 
exhibits differences from the type which do not amount to per- 
manent structural differences in the organisation of the animal. 
The final court of appeal as to what affords sufficient evidence for 
‘permanent structural differences’ will have to be, as with 
Aristotle of old, the judgment of the educated man. 

It is, however, more to our present purpose to discuss the 
causes of variation than to lay down definitions of what variation 
is. One of the most obvious causes of variation lies in a change 
or changes in the environment. If we may assume, for the 
moment, that the type form of a species is the form which is the 
mean of all the extremes, and that this form is the resultant of 
all the varied forces brought to bear upon it, whether of food, 
climate, temperature, competition of numbers, soil, light, amount 
of water, etc., it will follow that any change in one or more of 
these forces, if continuous and considerable, any change, in other 
words, of the environment, will produce its effect upon the 
organism in question. And this effect will be for the better or 
for the worse, according to the particular nature of the change 
itself as tending towards, or away from, the optimum of environ- 
ment for the species concerned. Hence may be produced varieties, 
more or less marked according to the gravity of the change, 
although it must be noted that at times a change apparently 
unimportant from our point of view, will i)roduce very marked 
results upon the species. It is indeed scarcely possible to predict 
with any certainty, in the present state of our knowledge (beyond 
certain broad results) what will be the particular effect upon a 
species of any given change in its surroundings. 

Effects of Change in the Environment as tending to 
produce Variation. 

{a) Changes in Climate, Temperature, Elevation, etc. — In the 
eastern basin of the Baltic the marine Mollusca are much more 

^ J. W. Taylor, Jov/nu of Conch, v. p. 289, an interesting article, with many 
useful references. 
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stunted than in the western.^ For instance, MytUus edulis near 
Kiel is 8—9 cm. long, while near Gothland it only attains a 
length of 3—4 cm. MoUusca living at only a shallow depth (e.g. 
Tellina hcdthica, Mya arenaria, Cardium edvle) do not differ 
much in size in different parts of the Baltic, but in the far 
eastern basin the calcareous layers of the shells of Mya arenaria 
and Tellina hcdthica are extraordinarily thin, and disappear very 
rapidly after death, leaving only the cuticular membrane, still 
united by the ligament, in a perfect state of preservation. These 
remarkable variations are no doubt to a large extent due to the 
violent changes of temperature which are experienced in the 
Baltic, and by which the steady development of the animals in 
question is interrupted and thrown out of gear. The same species 
occur on the coasts of Greenland and Iceland, where they attain 
a considerably larger size than in the Baltic, in spite of the lower 
mean temperature, probably because their development is not 
interrupted by any sudden change from cold to heat or vice 
versd. 

Karl Semper has shown that Limnaea stagnalis is developed, 
lives and feeds best in a mean temperature of about 20° C. 
( =s 68° F.). This mean, however, must not be the mean of two 
distant extremes, for the Limnaea cannot digest its food and 
grow in a temperature which is less than 14° or 15° C. ( = 57° or 
59° F.), or more than 30° to 32° 0. ( = 86° to 90° F.). In certain 
localities, therefore, the interruption to the growth of this species 
must be serious and prolonged, and may tend towards the pro- 
duction of more or less dwarfed varieties. Thus specimens from 
Malham Tarn, a lake in Yorkshire 1250 feet above the sea, are 
permanently dwarfed, and have a very thin and fragile shell. 
Limnaea .peregra in the Pyrenees, Alps, and Himalayas is 
generally of a very delicate form and dwarfed habit, while the 
small variety known as lactistris occurs, according to Jeflreys, 
only in mountain lakes in Zetland, Scotland, Ireland, and N. 
England. Specimens brought by Mr. Bateson from lakes near 
the Sea of Aral, which are salt for some months and comparatively 
fresh for others, exhibit clearly the effect of changes in the 
environment (Fig& 33 and 34). Excess of heat produces similar 
results to excess of cold. L. pereg^a var. thermalia, found in the 
warm springs of the Pyrenees and the Vosges, and the var. 

1 Mobias, Report on *Ponmer<mia' Exped. pp. 188-141. 
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geisericola, from the hot water of the Iceland geysers are alike 
thin and dwarfed forms. 

Many instances may be given of ' varieties due to locality.’ 
In some of these, the cause which predisposes towards variation 
can be inferred with some approach to certainty, in otliers we 
must be content to note the fact, without at present being able 
to perceive its explanation. 

Desert specimens of widely distributed species, e.g. Helix 
pomatia, H niciensisy IL pisana^ Leucochroa candidissima are 
mucli thicker than the type, and tend to lose all trace of 
coloured bands. These modifications are clearly the means of 
preventing evaporation of moisture, the dull white or grayish 



Fio. 33. — Four examples of Lim- 
naea peregra Miill., from salt 
marshes near the Sea of Aral, 
showingdifferent effects produced 
by abnormal conditions of life. 





Fig. 84. — Four examples of L^M^ 
lumi stagnalU L., from marshes 
in the Aral district which are salt 
for several months in the year, 
illustrating variation prodiiccdby 
changes in the environment, x 


brown colour being calculated to absorb the smallest possible 
iiinount of heat. Desert sliells in all parts of the world {€,g. N. 
Africa, Arabia, Central Asia, S. Africa, W. America) have been 
noticed to exhibit these peculiarities. , • 

.A very singular case of the reverse process, i,e. the production 
of darkened forms of shell through cold, has been noticed by 
Fischer as characteristic of the marine shells of the west coast 
of South America.^ This melanism is especially noticeable 
in Trochus, TurlOy Chitoriy Mitray and Pleurotomay and is attested 
by the specific names, not merely' expressive of actual blackness 
(e.g. nigerrimuSy ateVy atmmentarim, maurus), but also of a 
generally lugubrious tone (e.g. moestvSy funehraliSy tristisy higuhriSy 
luctuosus). It is highly probable that this concurrence of 
specific melanism (which stands quite alone in the world) is 
^ J<mm, de C<mckyL xxiii, 1875, p. 105. 
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due to the cold polar current which impinges on the Chilian 
coasts, for tlie same genera occur on the opposite shores of the 
continent without exhibiting any trace whatever of this mournful 
characteristic. 

It is a well-known fiict, attested by many observers, that our 
common Limax agrestis as well as the young of Avion ater 
become decidedly darker in summer than in winter. If these 
slugs were accustomed to disport themselves in the sun, it might 
have been suggested that this increased darkness of colour 
tended to absorb more of the heat rays. But since this is not 
the case, the result is probably due to some unexplained effect of 
higher temperature. According to Lessona and Pollonera, the 
length of the keel in Limax arhorum varies greatly in different 
parts of Italy, being shorter in spetdmens from low ground, but 
much longer in those inhabiting more elevated regions. The 
longer the keel, the more obscure the colouring becomes, so that 
in the Upper Alps of Piedmont individuals are practically black. 
Koebuck has observed that Scottish specimens of this same 
slug are much darker and less translucent than English forms. 
According to Simroth, our common .black slug, Avion atev, is a 
northern type, which in more southern latitudes assumes the 
form known as A, vvfus. Similarly Limax maximus “in its 
northern form cineveo-nigev is almost wholly black, but in 
the more genial climate of Italy develops a series of brilliantly 
coloured and strikingly marked variations which have received 
numerous distinctive names from Italian liniacologists.” ^ Ac- 
cording to Scharff, however ^ (who regards the colours of slugs 
as in the main protective), these dark forms arc by no means 
exclusively northern, being found equally on the parched plains 
of Spain and Portugal, and in the bleak climate of Norway. The 
same authority observes that similar forms occur both in the dry 
regions of E. Germany, and in the very humid district of western 
Ireland. 

It appears unquestionable that marine genera from high 
northern latitudes are provided with shells of uniform colour, or 
whitish with a pale brown epidermis ; spots, bands, or stripes 
seldom occur. The arctic forms of Bnccinum, Tvophon, Chvyso- 
domus, Mavgavita, Cvenella, Leda, Yoldia, Astavte illustrate this 
fact. In the more temperate seas of Europe, colours tend on the 
^ J. W. Taylor, ut mp, p. 300. * Sci. Trans, R. Dubl, Soc, (2) iv. p. 555. 
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whole to increase, although there are certain genera (e.g. Pecteny 
which are not more brightly coloured in Mediterranean than in 
Icelandic waters. 

Land Mollusca inhabiting the mainland of a continent not 
unfrequently become smaller when they have spread to adjacent 
islands where perhaps the rainfall is less abundant or the soil 
and food-supply less nicely adjusted to their wants. Ortlialicus 
undatus is decidedly larger on the mainland of S. America than 
on the adjacent islands of Trinidad and Grenada. Specimens 
of Bulimulus exilis from Barbados are invariably broader and 
more obese than tliose from S. Thomas, while those from the 
volcanic island of S. Lucia, where lime is deficient, are small and 
very slender. Streptaxis de/ormis, as occurring at Trinidad, is 
only half the size of specimens from Georgetown, Demerara.^ 

Certain localities appear, for some unexplained reason, to be 
particularly favourable to the production of albino varieties. The 
neighbourhood of Lewes, in Sussex, has produced no fewer than 
fourteen of these forms of land Mollusca and five of fresh water.^ 

Our common Helix asperm, as found near Bristol, is said to- 
be ‘ dark coloured * ; about Weston-super-mare brown, with black 
markings * ; near Bath ‘ very pale and much mottled * ; at Cheddar 
' very solid and large.’ ^ Sometimes the same kind of variation 
is exhibited by different species in the same locality. Thus 
specimens of IL dspersa, H minoralis, and IL hortensis, taken 
from the same bank at Torquay, presented a straw-coloured tinge 
of ground colour, with red-brown bands or markings. Trochi- 
form H. nemoralis and H, arbustorurriy sinistral IL hortensis and 
H, aspersa, sinistral H aspersa and H. virgata^ Und similarly 
banded forms of H caperata and H virgata, liave been taken 
together.^ 

The immediate neighbourhood of the sea appears frequently 
to have the effect of dwarfing land Mollusca. Thus the var, 
conoidea of Helix aspersa, which is small, conical, with a com- 
pressed mouth, occurs ‘on sandhills and cliffs at the seaside/ 
The varieties conica and nana of Helix hispida are found ‘ near 
the sea/ Helix virgata is exceedingly small in similar localities, 
and tends to become unicoloured. H. caperata var. Oigaxii, a 

^ J. S. Gibbous, Joum. of Conch, ii. p. 129. 

* C. H. Morris, ibid. vii. p. 191. * F. M. Hole, ibid. iv. p. 93. 

^ T. D. A. Cockerell, Science Gossip, 1887, p. 67. 
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small depressed form, occurs at "Sandwich and Falmouth.'^ 
Sometimes, however, the exact opposite is the case, for H, 
nemoralis var. major, which is "much larger' than the type, 
occurs on " sandhills and downs ' and is " remarkably large in the 
1. of Arran, Co. Galway.’ The dwarf form of LimTiaea peregra 
known as maritima appears to be confined to the neighbourhood 
of the sea. 

Dwarfing of the shell seems frequently to be the result of an 
elevated locality, not perhaps so much as the direct consequence 
of purer air and less barometric pressure, as of changes in the 
character of the food supply and in the humidity of the air. 
Several species of Helix have a variety minor which is charac- 
teristic of an Alpine habitat. Helix arhustorum var. alpestris, 
which is scarcely two-thirds the size of the type, occurs on the 
Swiss Alps in the region of perpetual snow. Sometimes a very 
slight elevation is sufficient to produce the dwarfed form. At 
Tenby the type form of Helix pisana is scattered in countless 
numbers over the sandhills just above high-water mark. At the 
extreme western end of these sandhills rises abruptly to a 
height of over 100 feet the promontory known as Gil tar Head, 
the vegetation of which is entirely distinct from that of the 
burrows below. There is a colony of JL pisana at the end of 
Giltar, all of which arc devoid of the characteristic markings of 
the typical form, and most are dwarfed and stunted in growth. 

Occasionally the same variety will be found to be produced 
by surroundings of very different nature. Thus the var. alpestris 
of H arhustorum mentioned above, besides being characteristic 
of high Alpine localities, also occurs abundantly in low marshes 
at Hoddesdon on the Eiver Ijca. Helix pulchella var. costata, ac- 
cording to Jeffreys, is found in dry and sandy places, often under 
loose stones and bricks on walls, while other authorities have 
noticed it in wet and dry localities quite indifferently. 

Sometimes the production of a variety may be traced to the 
intrusion of some other organism. According to Brot, nine- 
tenths of the Limnaea peregra inhabiting a certain pond near 
Geneva, were, during one season, afflicted with a malformation 
of the base of the columella. This deformity coincided with the 
appearance, in the same waters, of extraordinary numbers of 
Hydra viridis. The next season, when the Hydra disappeared, 
* J. G, Jeffreys, British Conchology, vol. i. p. 214. 
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the next generation of Liynnaea was found to have resumed its 
normal form. 

It has been noticed that a form of Helix caperaia with a 
flattened spire and wide umbilicus is restricted to tilled fields, 
especially the borders of clover fields, while a form with a more 
elevated spire and more compact whorls occurs exclusively in 
open downs and uncultivated places. The Rev. S. S. Pearce 
accounts ^ for this divergence by the explanation that the flatter 
spire enables the shell of the fields to creep about more easily 
under the leaves or matted weeds, seldom requiring to crawl up 
a stalk or stem, while on the short turf of the downs and 
pastures the smaller and more rounded shell enables the animal 
to manoeuvre in and out of the blades of grass, and even to 
crawl up them with considerable activity. The same writer 
endeavours to explain the causes which regulate the distribution 
of H caperata var. ornata. He found that this variety (dark 
bands on a white ground) occurred almost exclusively on downs 
which were fed upon by sheep, associated with the common or 
mottled form, while the latter form alone occurred in localities 
where sheep were not accustomed to feed. Assuming then, as 
is probably the case, that sheep, in the course of their close 
pasturing, devour many small snails, he believes that individuals 
of the more conspicuous form ornata were more likely to be 
noticed, and therefore avoided, by the sheep, than the mottled 
form, which would more easily escape their observation. Hence 
the var. ornata is due to the advantage which strikingly coloured 
individuals obtained owing to their conspicuous habit, as com- 
pared with the typical form, which would be less readily 
detected. 

(h) Changes in Soil, Station, Character of Water, etc, — A de- 
ficiency of lime in the composition of the soil of any particular 
locality produces very marked effects upon the sliclls of the 
Mollusca which inhabit it; they become small and very thin, 
occasionally almost transparent. The well-known var. tenuis of 
Helix aspersa occurs on downs in the Channel Islands where 
calcareous material is scarce. For similar reasons, H, arlustorum 
develops a var, fusca, which is depressed, very thin, and trans- 
parent, at Scilly, and also at Lunna I., E. Zetland. 

The common dog-whelk {Purpura lapillus) of our own coasts 
^ J(mm, of Conch, vi. p. 123. 




Fio. 35. — 19 specimens of Purpvra lapilhis L., Great Britain, illustrating variation. 
(I) Felixstowe, sheltered co.'ist; (2), (3) Newmiay, on veined and coloured rock; (4), TIcrin, 
rather exjioscd ; fS), Solent, very sheltered ; T^and’s End, cxiiosed rocks, small food snijply ; 
(7) Scilly, ext)osea rocks, fair focxl supply; (8) St. Leonards, flat mussel beds at extreme low water ; 
(0) Robin Hood’s Bay, slioltered under boulders, gooil food supply; (10) Rhuscollyn, on oyster l^ed, 
4-7 fath. (Macandrew); (11) Guernsey, rather exposed rocks; (12) Estuary of Conway, very shel- 
tcTed, abundant food sui>ply ; (13), (14) Robin Hood’s Bay, very exposed rocks, poor foo<l supply, 
(14) slightly monstrous ; (15), (10), (17), Morthoe, rather exposed rocks, but abundant food supply ; 
(18) St. Bride’s Bay; (19) L. S willy, sheltered, but small food supply. All from the author's collec- 
tion, except (10). 
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is an exceedingly variable si)ccies, and in many cases tlie 
variations may 1)0 shown to tear a direct relation to the manner 
of life (Fig. M5). Forms occurring in very exposed situations, 
«.//. Land's End, outer rocks of tlie Scilly Is., coasts of N. Devon 
and Yorkshire, ani stunted, witli a short spire and relatively 
large mouth, the latter Ixuiig developed in order to increase the 
power of adherence to the rock and coiisecpieiitly of resistance, 
to wave force. On tli(‘, other hand, shells oc(;urring in slieltered 
situations, estuaries, narrow straits, or even on opt*n coasts where, 
there is plenty of shelter from the waves, arii comparatively of 
great size, with a well-diivcloped, sometimes produceil spires, and 
a mouth small in proportion to the area of sliell surface. In tliii 
accompanjdng figure, the specimens from the Conway estuary and 
tlie Solent (12, 5) well illustrate this latter form of shell, while that 
from ex])osed rocks is illustrated by the specimens from Kobin 
Hood's Bay (13, 14). Had these specimens occui*red alone, or liad 
they been Ijrought from some distant and unexplored region, 
they must inevitably have been described as two ilistinct sjiecies. 

Mr. W. Bateson has made^ some observations on the shells 
of Ganliuifh edide taken from a series of terraces on the border 



1 2 3 . ^ 

Fig. 36. — ^Valves of Cardium edule from the four upper terraces of Shuinish Kul, a <lry 
salt lake adjacent to tlio Aral Sea. (Alter liatesou. )• 


of certain salt lakes whicli once formed a piirtioii of the Sea of 
Aral. As these lak(?s gradually became dry, the watin* they 
contained became salter, and thus tlie successive layers of dead 
shells deposited on tlieir liorders form an interesting record of 
the progressive variation of tliis species under conditions wliich, 
in one respect at least, can be clearly appreciated. At the same 
time the diminishing volume of water, and the increasing avc;ra.ge 
temperature, would not be without their effect. It was found 

^ Phil, Trmis. 1889, vol. 180 B, p. 297. A somewhat similar case (tho celebrated 
Steiiilicim scries of Plinwrbis) is dealt with by Ililf'cndorf, MU, Akad, IScrU 1866, 
p. 474 ; aud Hyatt, Proc, Avier, Ass, Sc. xxix. p. 527. 
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that the principal changes were as follows : the thickness, and 
consequently the weight, of the shells became diminished, the 
size of the beaks was reduced, the shell became highly coloiLred, 
and diminished considerably in size, and the breadth of the shells 
increased in proportion to their length (Fig. 36). Shells of 
the same species of Cardium, occurring in Lake Mareotis, were 
found to exhibit very similar variations as regards colour, size, 
shape, and thickness. 

Unio pictorum var. compressa occurs near Norwich at two 
similar localities six or seven miles distant from one another, 
under circumstances which tend to show that similar conditions 
have produced similar results. The form occurs wliere the river, 
by bending sharply in horse-shoe shape, causes the current to 
rush across, to the opposite side and form an eddy near the bank 
on the outside of the bend. Just at the edge of the sharp 
current next the eddy the shells are found, the peculiar form 
being probably due to the current continually washing away the 
soft particles of mud and compelling the shell to elongate itself 
in order to keep partly buried at the bottom.^ 

The rivers Ouse and Foss, which unite just below York, are 
rivers of strikingly different character, the Ouse being deep, 
rapid, with a bare, stony bottom, and little vegetable growth, 
and receiving a good deal of drainage, while the Foss is shallow, 
slow, muddy, full of weeds and with very little drainage. In 
the Foss, fine specimens of Anodonta anatina occur, lustrous, 
with beautifully rayed shells. A few yards off, in the Ouse, the 
same species of Anodonta is dull brown in colour, its interior 
clouded, the beaks and epidermis often deeply eroded. Precisely 
the same contrast is shown in specimens of Unio tumidus, taken 
from the same rivers, Ouse specimens being also slightly curved 
in form. Just above Yearsley Lock in the Foss, Unio tumidus 
occurs, but always dwarfed and malformed, a result probably due 
to the effect of rapidly running water upon a species accustomed 
to live in still water.® Simroth records the occurrence of remark- 
ably distorted varieties in two species of Aetheria which lived in 
swift falls of the Eiver Congo.® 

A variety of Limnaea peregra with a short spire and rather 
strong, stoutly built shell ocem’s in Lakes Windermere, Derwent- 

^ J. B. Bridgman, QiuiTt, Jmrn. Conch, i. p. 70. 

* W, C. Hey, Joum. of Conch, iiL p. 268. • Zool, Ana, ziii. p. 662. 
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water, and Llyn-7-van-fach. It lives adhering to stones in places 
where there are very few weeds, its shape enabling it to with- 
stand the surf of these large lakes, to which the ordinary form 
would probably succumb.^ 

Scaluriform specimens of Planoriis are said to occur most 
commonly in waters which are choked by vegetation, and it has 
been shown that this form of shell is able to make its way 
through masses of dense weed much more readily than specimens 
of normal shape. 

Continental authorities have long considered Limnaea peregra 
and L. ovaia as two distinct species. Ilazay, however, has 
succeeded in rearing specimens of so-called peregra from the ova 
of ovata, and so-called ovata from the ova of peregra, simply by 
placing one species in running water, and the other in still 
water. 

According to Mr. J. S. Gibbons ^ certain species of TAttorina, 
in tropical and subtropical regions, are confined to water more 
or less brackish, being incapable of living in pure salt water. 
“ I have met,” says Mr. Gibbous, " with three of these species, 
and in each case they have been distinguished from the truly 
marine species by the extreme (comparative) thinness of their 
shells, and by their colouring being richer and more varied; 
they are also usually more elaborately marked. They are to be 
met with under three different conditions — (1) in harbours and 
bays where the water is salt with but a slight admixture of fresh 
water; (2) in mangrove swamps where salt and fresh water mix 
in pretty equal volume ; (3) on dry land, but near a marsh or 
the dry bed of one. 

“ L. intermedia Eeeve, a widely diffused African shell, 
attaches itself by a thin pellicle of dried mucus, to grass growing 
by the margin of slightly brackish marshes near the coast, re- 
sembling in its mode of suspension the Old World Cyclostoma. 
I have foimd it in vast numbers in situations where, during the 
greater part of the year, it is exposed to the full glare of an 
almost vertical sun, its only source of moisture being a slight 
dew at night-time. The W. Indian L. angvlif&ra Lam., and a 
beautifully coloured E. African species (/ L. carinifera), are found 
in mangrove swamps ; they are, however, less independent of salt 
water than the last.” 

^ J. Madison, Jownt, Cewik. v. p. 260. * Quart. Joum, Conch, i. 339. 
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Mr. Gibbons goes on to note that brackish water species 
(although not so solid as truly marine species) tend to become 
more solid as the water they inhabit becomes less salt. This 
is a curious fact, and the reverse of what one would expect. 
Specimens of X. intermedia on stakes at the mouth of the 
Loren 9 o Marques River, Delagoa Bay, are much smaller, darker, 
and more fragile, than those living on grass a few hundred 
yards away. L. angulifera is unusually solid and heavy at 
Puerto Plata (S. Domingo) among mangroves, where the water 
is in a great measure fresh ; at Havana and at Colon, where it 
lives on stakes in water but slightly brackish, it is thinner and 
smaller and also darker coloured. 

(c) Changes in the Volume of Water. — It has long been known 
that the largest specimens, e.g. of Limnaea stagnalis and Anodonta 
anatina, only occurred in pieces of water of considerable size. 
Recent observation, however, has shown conclusively tliat the 
volume of water in which certain species live has a very close 
relation to the actual size of their shells, besides producing other 
effects. Limnaea megasoma^ when kept in an aquarium of 
limited size, deposited eggs which hatched out ; this process was 
continued in the same aquarium for four generations in all, the 
form of the shelb of the last generation having become such 
that an experienced conchologist gave it as his opinion that the 
first and last terms of the series could have no possible specific 
relation to one another. Tlie size of the shell became greatly 
diminished, and in particular’ the spire became very slender.^ 

The same species being again kept in an aquarium under 
similar conditions, it was found that the third generation had a 
shell only four-sevenths the length of their great grandparents. 
It was noticed also that the sexual capacities of the animals 
changed as well. The liver was greatly reduced, and the male 
organs were entirely lost.^ 

K. Semper conducted some well-known experiments bearing 
on this point. He separated® specimens of Limnaea stagnalis 
from the same mass of eggs as soon as they were hatched, and 
placed them simultaneously in bodies of water varying in volume 
from 100 to 2000 cubic centimetres. All the other conditions 
of life, and especially the food supply, were kept at the known 

^ Whitfield, Bull, Amer. Mus. N, H, i. p. 29. 

* Am€T, Nat. xiv. p. 51. * Animal Life^ Ed. 1, p. 160 f. 
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optimtiiii. He found, in the result, that the size of the shell 
varied directly in proportion to the volume of the water in which, 
it lived, and that this was the aise, whether an individual speci- 
men was kept alone in a given quantity of water, or shared it 
with several others. At the close of 66 days the specimens 
raised in 100 cubic cm. of water were only ^ 

6 mm. long, those in 250 cubic cm. were 
9 mm. long, those in 600 cubic cm. were 
12 mm. long, while those kept in 2000 



cubic cm. attained a length of 18 mm. 
(Fig. 37). 

An interesting effect of a sudden fall 
of temperature was noticed by Semper in 
connection witli the above experiments. 
Vessels of unequal size, containing speci- 
mens of tlie JAmnaea, happened to stand 
before a window at a time wlien the tem- 


A B c 0 

Fm. 37. — Four equally old 
shells of JAmnaea atagna- 
Its, hatelicd from the same 
mass of ova, hut reared 
ill different volumes of 
water: A in 100, B in 
*250, C in 600, and D in 
2000 cubic centimetres. 
(Alter K. Semiier. ) 


peruture suddenly fell to al)out 55° F. The sun, which shone 
through the window, warmed the water in the smaller vessels, 
but had no effect upon the temperature of tlie larger. The 
result was, that the Limnaea in 2000 cubic cm., which ouglit 
to have been 10 mm. long when 25 days old, were scarcely 
longer, at the end of that period, than those which Iiad lived in 
the smaller vessels, but whose water had been sutticiently warm. 
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USES OP SHELLS FOR MONEY, ORNAMENT, AND FOOD CULTIVATION 

OF THE OYSTER, MUSSEL, AND SNAIL — SNAILS AS MEDICINE 
— PRICES GIVEN FOR SHELLS 

The employment of shells as a medium of exchange was 
exceedingly common amongst uncivilised tribes in all parts of 
the world, and has by no. means yet become obsolete. One of 
the commonest species thus employed is the ‘money cowry’ 
(Cypraea moneta, L), which stands almost alone in being used 
entire, while nearly all the other forms of shell money are made 
out of portions of shells, thus req[uiring a certain amount of 
labour in the process of formation. 

One of the earliest mentions of the cowry as money occurs 
in an ancient Hindoo treatise on mathematics, written in the 
seventh century a.d. A question is propounded thus: ‘the of 
of of f of ^ of ^ a dramma was given to a beggar by one from 
whom he asked an alms ; tell me how many cowry shells the miser 
gave.’ In British India about 4000 are said to have passed 
for a shilling, but the value appears to differ according to their 
condition, poor specimens being comparatively worthless. Accord- 
ing to Beeve ^ a gentleman residing at Cuttack is said to have paid 
for the erection of his bungalow entirely in cowries. The building 
cost him 4000 Bs. sicca (about £400), and as 64 cowries = 1 pice, 
and 64 pice = 1 rupee sicca, he paid over 16,000,000 cowries in all. 

Cowries are imported to England from India and other places 
for the purposes of exportation to West Africa, to be exchanged 
for native products. The trade, however, appears to be greatly 
on the decrease. At the port of Lagos, in 1870, 50,000 cwts. 
of cowries were imported.® 

^ Conch. Syst, iL p. 262 n. 

^ P. L. SimmondB, Commereial Products qf the Sea, p. 278. 
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A banded form of Nerita polita was used as money in certain 
parts of the South Pacific. The sandal-wood imported into the 
China market is largely obtained from the New Hebrides, being 
purchased of the natives in exchange for Ovulum angulosum, 
which they especially esteem as an ornament. Sometimes, as 
in the Duke of York group, the use of shell money is specially 
restricted to certain kinds of purchase, being employed there 
only in the buying of swine. 

Among the tribes of the North-West coasts of America the 
common Dentalium indianorum used to form the standard of 
value, until it was superseded, under the auspices of the Hudson's 
15ay Company, by blankets. A slave was valued at a fathom of 
from 25 to 40 of these shells, strung lengthwise. Inferior or 
broken specimens were strung together in a similar way, but 
were less highly esteemed; they corresponded more to our 
silver and copper coins, while the strings of the best shells 
represented gold. 

The wampum of the eastern coast of North America di fibred 
from all these forms of shell money, in that it recjuired a laborious 
prgcess for its manufacture. Wampum consisted of strings of 
cylindrical beads, each about a quarter of an inch in length and 
half that breadth. The beads were of two colours, white and 
purple, the latter being the more valuable. Both wore formed 
from the common clam, Venus mercenaria, the valves of which 
are often stained with purple at the lower margins, while the 
rest of the shell is white. Cut small, ground down, and pierced, 
these shells were converted into money, which appears to have 
been current along the whole seaboard of North America from 
Maine to Florida, and on the Gulf Coast as for as Central 
America, as well as among the inland tribes cast of the 
Mississippi. Another kind of wampum was made from the 
shells of Busijcon carica and B, perversum. By staining the 
wampum with various colours, and disposing these colours in 
belts in various forms of arrangement, the Indians were able to 
preserve records, send messages, and keep account of any kind of 
event, treaty, or transaction. 

Another common form of money in California was Olivella 
hipliccbta, strung together by rubbing down the apex. Button- 
shaped disks cut from Saxidomus arata and Pacliydesma 
crassatelloides, as well as oblong pieces of Haliotis, were em- 
VOL III H 
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ployed for the same purpose, when strung together in lengths of 
several yarda 

"There is a curious old custom,” writes Mr. W. Anderson 
Smith,^ “ that used formerly to be in use in this locality [the 
western coast of Scotland], and no doubt was generally em- 
ployed along the seaboard, as the most simple and ready means 
of arrangement of bargains by a non-writing population. That 
was, when a bargain was made, each party to the transaction 
got one half of a bivalve shell — such as mussel, cockle, or oyster — 
and when the bargain was implemented, the half that fitted 
exactly was delivered up as a receipt 1 Thus a man who had a 
box full of unfitted shells might be either a creditor or a debtor ; 
but the box filled with fitted shells represented receipted accounts. 
Those who know the difficulty of fitting the valves of some classes 
of bivalves will readily acknowledge the value of this arrangement.” 

Shells arc employed for use and for ornament by savage — 
and even' by civilised — ^tribes in all parts of the world. The 
natives of Fiji thread the large Turho argyrostoma and cremilatus 
as weights at the edge of their nets, and also employ them as 
sinkera A Cypraea tigris cut into two halves and placed round 
a stone, with two or three showy Oliva at the sides, is used as a 
bait for cuttlea Avicida margaritifera is cut into scrapers and 
knives by this and several other tribes. Breast ornaments of 
Ghama, grouped with Solarium perspectivum and Terebra dupli- 
vata are common among the Fijians, who also mount the Avicula 
oh a backing of whales’ teeth sawn in two, for the same purpose. 
The great Orange Cowry {Cypraea aurantiaca) is used as a 
badge ,of high rank among the chieftains. One of the most 
remarkable Fijian industries is the working of whales’ teeth to 
represent this cowry, as well as the commoner C. talpa, which is 
more easily imitated. 

Among the Solomon islanders, cowries are used to ornament 
their shields on great field days, and split cowries are worn as 
a necklace, to represent human teeth. Small bunches of Tere- 
Idlum svhvlatum are worn as earrings, and a large valve of 
Avicula is employed as a head ornament in the centre of a 
fillet. The same islanders ornament the raised prows of their 
canoes, as well as the inside of the stern-post, with a long row of 
single Natiea. 


1 Senderloeh, p. 118. 
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The native Papuans employ shells for an immense variety of 
purposes. Circlets for the head are formed of rows of Nassa 
gibbosvla, rubbed down till little but the mouth remains. 
Necklaces are worn which consist of strings of Oliva, young 
Avicula, Natica melanostoma, opercula of Turbo, and valves of 
a rich brown species of Cardium, pendent at the end of strings 
of the seeds known as Job’s tears. Struthiolaria is rubbed 
down until nothing but the mouth is left, and worn in strings 
round the neck. This is remarkable, since Struthiolaria is not 
a native Papuan shell, and indeed occurs no nearer than New 
Zealand. Sections of Melo are also worn as a breast ornament, 
dependent from a necklace of cornelian stones. Cypraea eroaa 
is used to ornament drinking bowls, and Ovulum ovum is 
attached to the native drums, at the base of a bunch of casso- 
wary feathers, as well as being fastened to the handle of a 
sago-beater. 

In the same island, the great Turbo and Conus millepunctatus 
are ground down to form bracelets, which are worn on the 
biceps. The crimson lip of Strombus luhuanus is cut into beads 
and perforated for necklaces. Village elders are distinguished 
by a single Ovulum verrucosum, worn in the centre of the fore- 
head. The thick lip of Cassis cornuta is ground down to form 
nose pieces, 4^ inches long. Fragments of a shell called Kaima 
(probably valves of a large Spondylus) are worn suspended from 
the ears, with little wisps of hair twisted up and thrust through 
a hole in the centre. For trumpets, Cassis cornuta, Triton 
tritonis, and Eanella lampas are used, with a hole drilled as a 
mouthpiece in one of the upper whorls. Valves of Batissa, 
Unio, and Mytilus are used as knives for peeling yams; Spoons 
for scooping the white from the cocoa-nut are made from 
Avicula margaritifera. Melo diadema is used as a baler in the 
canoes.’^ 

In the Sandwich Islands MAampus luteus is worn as a 
necklace, as well as in the Navigator Islanda A very striking 
necklace, in the latter group, is formed of the apices of a 
Nautilus, rubbed down to show the nacre. The New Zealanders 
use the green opercula of a Turbo, a small species of Venus, and 
Cypraea asellus to form the eyes of their idola Fish-hooks are 
made throughout the Pacific of the shells of Avicula and 
^ G. Hedley in J. P. Thomson, BrU, New Chiinea, p. 283. 
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and ^ sometimes strengthened by a backing made of 
the colamella of Cypram araMca. Small axe-beads axe made 
from Terebra, erenvlata ground down (Woodlark L), and larger 
forms m:c fashioned from the giant Tridacna (riji). 

Shells are used to ornament the elaborate cloaks worn by the 
women of rank in the Indian tribes of South America. Speci- 
mens of Ampvllaria, Orthalicua, Labyrinthus, and Bidimulus 
depend from the bottom and back of these garments, while great 
Bvlimi, 6 inches long, are worn as a breast ornament, and at the 
end of a string of beads and teeth.^ 

The chank-shell (Twrhinella rapa) is of especial interest from 
its connexion with the religion of the Hindoos. The god 
Vishnu is represented as holding this ^hell in his hand, and the 
sinistral form of it, which is excessively rare, is regarded with 
extraordinary veneration. The chank appears as a symbol on 
the coins of some of the ancient Indian Empires, and is still 
retained on the coinage of the Eajah of Travancore. 

The chief fishery of the chank-shell is at Tuticorin, on the 
Grulf of Manaar, and is conducted during the N.E. monsoon, 
October— May. In 1885—86 as many as 332,000 specimens 
were obtained, the net amount realised being nearly Bs.24,000. 
In former days the trade was much more lucrative, 4 or 5 
m i l lions of specimens being frequently shipped. The govern- 
ment of Ceylon used to receive £4000 a year for licenses to 
fish, but now the trade is free. The shells are brought up by 
divers from 2 or 3 fathoms of water. In 1887 a sinistral 
specimen was found at Jaffna, which sold for Es.700.* Nearly 
all the shells are sent to Dacca, where they are sliced into 
bangles and anklets to be worn by the Hindoo women. 

Perhaps the most important industry which deals only with 
the shells of Mollusca is that connect^ with the ‘pearl-oyster.’ 
The history of the trade forms a small literature in itself. It 
must be sufficient here to note that the species in question is 
not an ‘ oyster,’ properly so called, but an Avievla (tnargaritifera 
Lam.). The ‘ mother-of-pearl,’ which is extensively employed 
for the q^anufacture of buttons, studs, knife-handles, fans, card- 
cases, brooches, boxes, and every kind of inlaid work, is the 

^ Most of the above facts are deiived from a study of a collection of native 
implements, weapons, ornaments, etc., in the Antiquarian Museum at Cambridge. . 

^ Thurston, NnUa on the Pearl and Chaixk FisherieSf Madras, 1890. 
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internal nacreous laminae of the shell of this speciea The most 
important fisheries are those of the Am Islands, the Soo-loo 
Archipelago, the Persian Gulf, the Eed Sea, Queensland, and the 
Pearl Islands in the Bay of Panama. The shell also occurs iii 
several of the groups of the South Pacific — the Paumotu, 
Gambier and ^Navigator Islands, Tahiti being the centre of the 
trade — and also on the coasts of Lower California.^ 

Pearls are the result of a disease in the animal of this species 
of Avievia and probably in all other species within which they 
occur. When the Avievia is large, well formed, and with 
ample space for individual development, pearls scarcely occur 
at all, but when the shells are crowded together, and become 
humped and distorted, as well as affording cover for all kinds of 
marine worms and parasitic creatures, then pearls are sure to be 
found. Pearls of inferior value and size are also produced by 
Placuna plcuenta, many species of Pinna, the great Tridacna, 
the common Ostrea edvlis, and several other marine bivalves. 
They arc not uncommon in Unio and Anodonta, and the common 
Margaritana margaritifera of our rapid streams is still said to 
bo collected, in some parts of Wales, for the purpose of ex- 
tracting its small ‘ seed-pearls.’ Pink pearls are obtained from 
the giant conch-shell of the West Indies (Strornlms gigas), as 
well as from certain Twhinella. 

In Canton, many houses are illuminated almost entirely by 
skylights and windows made of shells, probably the semi- 
transparent valves of Placuna placenta. In China lime ‘is 
commonly made of ground cockle-shells, and, when mixed with 
oil, forms an excellent putty, used for cementing coffins, and in 
forming a surface for the frescoes with which the gables 'of 
temples and private houses are adorned. Those who suffer from 
cutaneous diseases, and convalescents from small-pox, are washed 
in Canton with the water in which cockles have been boUed.® 

A recent issue of the Peking Gazette contains a report from 
the outgoing 'Viceroy of Fukhien, stating that he had handed over 
the insignia of office to his successor, including inter alia the 
conch-shell bestowed by the Throne. A conch-shell with a 
whorl turning to the right, i.e. a sinistral specimen, is supposed 
when blown to have the effect of stilling the waves, and hence is 

^ See iu particular, F. L. Simmonds, The Cammercidl Products of the Sea, 
a H. Friend, Field Cflub, iv. 1898, p. 100. 
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bestowed by the Emperor upon high officers whose duties oblige 
them to take voyages by sea. The Viceroy of Fiikhien probably 
possesses one of these shells in virtue of his jurisdiction over 
Formosa, to which island periodical visits are supposed to be 
made.^ 

Shells appear to be used occasionally by other species besides 
man. Oyster-catchers at breeding time prepare a number of 
imitation nests in the gravel on the spit of land where they 
build, putting bits of white shell in them to represent eggs.^ 
l^iis looks like a trick in order to conceal the position of the 
true nest. According to Nordenskjold, when the eider duck of 
Spitzbergen has only one or two eggs in its nest, it places a shell 
of Buccinum gloDicde beside them. The appropriation of old 
shells by hermit-crabs is a familiar sight all over the world. 
Perhaps it is most striking in the tropics, where it is really 
startling, at first experience, to meet — as I have done — a large 
Cassis or Turbo, walking about in a wood or on a hill side at 
considerable distances from the sea. A Gephyrean {Phaseolion 
stroTnbi) habitually establishes itself in the discarded shells of 
marine Mollusca. Certain Hyraenoptera make use of dead shells 
of jffetix hortensis in which they build their ceUa® Magnus 
believes that in times when heavy rains prevail, and the usual 
insects do not venture out, certain flowers are fertilised by snails 
and slugs crawling over them, e.g. Leucanthemum vulgare by 
Limax laevis.* 

* Mollusca as Food for Man.— Probably there are few countries 
in the world in which less use is made of the Mollusca as a form 
of food than in our own. There are scarcely ten native species 
which can be said to be at all commonly employed for this 
purpose. Neighbouring countries show us an example in this 
respect. The French, Italians, and Spanish eat Natica, Turbo, 
Triton, and Mur&e, and, among bivalves, Donaas, Ventis, Lithodomus, 
Pholas, Tapes, and Cardita, as well as the smaller Cephalopoda. 
Under the general designation of clam the Americans eat Venus 
mercenaria. My a arenaria, and. Mauetra solidissima. In the Suez . 
markets ure exposed for sale StromJms and Melongena, Avicula 
and Oytherea. At Panama Boncuc and Solen are delicacies, while 

^ Nature, zxxi. 1886, p. 492. 

* W. Anderson Smith, Benderloeh, p. 178. 

* Dominique, FeuiU. Nat, xriiLp. 22, * SB. Nat. Fr. Btrl. 1889, p. 197. 
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the natives rIbo eat the great and Pynda, and even the 
huge Area.^at£dis, which lives embedded in the liquid river mud. 

The ecKumon littoral bivedves seem to be eaten in nearly all 
coimtries except our own, and it is therefore needless to enume- 
rate them. The Gasteropoda, whose habits are scarcely sa 
cleanly, seem to require a bolder spirit and less delicate palate to 
venture on' their consumption. 

The of the East Indian islands eat Telescopiuni 

fitscum and Pyrasm palustris, which abound in the mangrove 
swamps. They throw them on their wood fires, and when they 
are sufficiently cooked, break off the top of the spire and suck 
the animal out through the opening. Hcdiotis they take out of 
the shell, string together, and dry in the sun. The lower classes 
in the Philippines eat Area inaequivalvis, boiling them as 
we do mussels.^ In the Corean islands a species of Monodonta 
and another of Mytilm are quite peppery, and bite the tongue ; 
oui; own Helix revelata, as I can vouch from personal experience, 
has a similar favour. Fusus colosseus, Eapana lezoar, and 
Purpura luteostoma are eaten on the southern coasts of China ; 
Stromlus luTiuanus, Turho chrysostomus, Trochua niloticus, and 
Patella testudinaria, by the natives of New Caledonia ; Strombus 
gigas and Livona pica in the West Indies ; Turho niger and 
Concholepas peruvianus on the Chilian coasts; four species of 
Stromhus and Nerita, one each of Purpura and Turho, besides 
two Tridacna and one Hippopus, by the natives of British New 
Guinea. "West Indian negroes eat the large Chitons which are 
abundant on their rocky coasts, cutting off and swallowing raw . 
the fleshy foot, which they call ‘ beef,’ and rejecting the viscera. 
Dried cephalopoda are a favourite Chinese dish, and are regu- 
larly exerted to San Francisco, where the Chinamen make theni 
into soup. The ‘ Challenger ’ obtained two species of Sepia and 
two of Loligo from the market at Yokohama. 

The insipidity of fresh-water Mollusca renders them much 
less desirable as a form of food. Some species of TJnionidae, 
however, are said to be eaten in France. Anodonta edulis is 
specially cultivated for food in certain districts of China, and 
the African Aetheriae are eaten by negroes. Navwdla and 
Heritina’ are eaten in Mauritius, Ampullaria and Neritina iut 
Guadeloupe, and Pedudina in Cambodia. 

* A. Adams, Voyage tythe ‘ Samemmg,' ii. p. 808. 
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The vast heaps of empty shells known as ‘ kitchen-middens/ 
occur in almost every part of the world. They are found in 
Scotland, Denmark, the east and west coasts of North America*, 
Brazil, Ticrra del Fuego, Australia and New Zealand, and are 
sometimes several hundred yards in length. They are invariably 
composed of the edible shells of the adjacent coast, mixed witli 
bones of Mammals, birds, and fish. From their great size, it 
is believed that many of them must have taken centuries to 
form. 

Pre-eminent among existing shell-fish industries stands the 
cultivation of the oyster and the mussel, a more detailed account 
of which may prove interesting. 

The cultivation of the oyster ^ as a luxury of food dates at 
least from tlie gastronomic age of Eome. Every one has heard 
of the epicure whose taste was so educated that 

"lie could tell 

At the first mouthful, if his oysters fed 
On the Rutupian or the Lucrine bed 
Or at Circeii.’*^ 

The first artificial oyster-cultivator on a large scale appears 
to have been a certain Koman named Sergius Grata, who lived 
about a century n.c. His object, according to Pliny the elder,® 
was not to please his own appetite so much as to make money 
by ministering to the appetites of others. His vivaria were 
situated on the Lucrine Lake, near Baiae, and the Lucrine 
oysters obtained under his cultivation a notoriety which they 
never entirely lost, although British oysters eventually came to 
be more highly esteemed. He must have been a great enthusiast 
in liis trade, for on one occasion when he became involved in a 
law-suit with one of the riparian proprietors, his counsel declared 
that Grata’s opponent made a great .mistake if he expected to 
damp his ardour by expelling him from the lake, for, sooner 
than not grow oysters at all, he would grow them upon the roof 
of his house.^ Grata’s successors in the business seem to have 
understood the secret of planting young oysters in new beds, for 


^ Much information has been derived, on this subject, from Bertram’s Harvest 
of the Sea, Simmonds* Commercial Products of tlie Sea, the publications of the 
Fisheries Exhibition, especially vol. xL (Anson and Willett) ; see also Philpots, 
Oysters and all about them, 

* Juvenal, Sat, iv. 140-142. 


3 Hist, Nat, ix. 79. 


* Val. Max, ix. r. 
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we are told that specimens brought from Brundisium and even 
from Britain were placed for a while in the Lucrine lake, to 
^ fatten after their long journey, and also to acquire the esteemed 
“ Lucrine flavour.” 

Oysters are 'in season’ wlienever there is an ‘r’ in tlie 
month, in other words, from September to April. ‘ Mensibus 
erratis,’ as the poet has it, 'vos ostrca manducatis!’ It has 
l)een computed that the quantity annually produced in Great 
Britain amounts to no less than sixteen hundred million, while 
in America the number is estimated at five thousand five 
hundred million, the value being over thirteen million dollars, 
and the number of persons employed fifty thousand. Arcachon, 
one of the principal French oyster-parks, has nearly 10,000 acres 
of oyster beds, the annual value being from eight to ton million 
francs ; in 1884—85, 178,359,000 oysters were exported from this 
place alone. In the season 1889-90, 50,000 tons of oysters 
were consumed in London. 

Few will now be found to echo the poet Gay’s opinion ; 

“ That man had sure a xialale covered o’er 
AVitli brass or steel, that on the rocky shore 
First broke the oozy oyster’s pearly coat, 

And risq’d the living morsel down his throat.” 

There were halcyon days in England once, when oysters 
were to be procured at 8d. the bushel. Now it costs exactly 
that amount before a bushel, brought up the Thames, can even 
be exposed for sale at Billingsgate (4d. porterage, 4d. market 
toll), and prime Whitstable natives average from 3-^-d. to 4d. 
each. The principal causes of this rise in prices, apart from the 
increased demand, arc (1) over-dredging, (2) ignorant cultiva- 
tion, and to these may be added (3) the effect of bad seasons in 
destroying young oysters, or preventing the spat from maturing. 
Our own principal beds are those at Whitstable, Bochester, 
Colchester, Milton (famous for its ' melting ’ natives), Faversham, 
Queenborough, Burnham, Poole, and Carlingford in Co. Down, 
and Newhaven, near Edinburgh. 

The oyster-farms at Whitstable, public and private, extend 
over an area of more than 27 square miles. The principal of 
these is a kind of joint-stock company, with no other privilege of 
entrance except birth as a free dredgeman of the town. When 
a holder dies, his interest dies with him. Twelve directors, 
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known as “the Jury,” manage the affairs of the comi)any, which 
finds employment for several thousand people, and sometimes 
turns over as much as £200,000 a year. The term ' Natives,’ as 
applied to these Whitstable or to other English oysters, recpiires 
a word of explanation. A ‘ Native ’ oyster is simply an oyster 
whicli has been bred on or near the Thames estuary, but very 
probably it may be d(iveloped from a brood which came from 
Scotland or some other i)lace at a distance. For some unexplained 
reason, oysters bred on the London clay acquire a greater delicacy 
of flavour tlian elsewhere. The company pay large sums for 
brood to stock their own grounds, sin(;e there can be no certainty 
that the spat from their own oysters will fall favourably, or even 
within their own domains at all. Besides purchases from otlicr 
beds, the parks are largely stocked with small oysters picked up 
along the coast or dredged from grounds i:)ubli(j to all, some- 
times as much as 50s. a bushel being paid for the best brood. 
It is jn’obably this system of transplanting, combined with 
systematic working of the beds, which has made the Wliitstaldo 
oystcir so excellent both as to quality and (piantity of flesh. 
The whole surface of the * layings ’ is explored every year by tht3 
dredge, successive portions of the ground being gone over in 
regular rotation, and every provision being made for the well- 
being of the (;rop, and the destruction of their enemies. For 
tliree days of every week the men dredge for ‘ i)lanting,’ i.e. for 
the transference of suitable specimens from one jdace to another, 
the separation of adhering shells, the removal of odd valves and 
of every kind of refuse, and the killing off of dangerous foes. 
On the other three days they dredge for the market, taking care 
only to lift such a number as will match the demand. 

The Colne beds are natural beds, as opposed to the majority 
of the great working beds, which are artificial. They arc the 
property of the town of Colchester, which appoints a water- 
bailiff to manage the concern. Under his direction is a jury of 
twelve, who regulate the times of dredging, the price at which 
sales are to bo made, and are generally responsible for the 
practical working of the trade. Here, and at Faversham, Queen- 
borough, Kochester, and other places, ‘ natives ’ are grown which 
rival those of Whitstable. 

There can be no question, however, that the cultivation of 
oysters by the French is far more complete and efficient than 
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our own, and has reached a higher degree of scientific perfection 
combined with economy and solid profits. And yet, between 
40 and 50 years ago, the French beds were utterly exhausted 
and unproductive, and showed every sign of failure and decay. 
It was in 1858 that the celebrated beds on the He de Ke, near 
Kochelle, were first started. Their originator was a certain 
shrewd stone-mason, by name Boeuf. He determined to try, 
entirely on his own account, whether oysters could not be made 
to grow on the long muddy fore-shore which is left by the ebb 
of the tide. Accordingly, he constructed with Ids own hands a 
small basin enclosed by a low wall, and placed at the bottom a 
number of stones luckcd out of the siuTounding mud, stocking 
his 'pare" with a few bushels of hcaltliy young brood. The 
experiment was entirely successful, in spite of tlie jeers of his 
neighbours, and Boeufs profits, which soon began to mount up 
at an astoidshing rate, induced others to start similar or more 
extensive larms for themselves. Tlie movement spread rapidlj", 
and in a. few years a stretch of miles of unproductive mud Ijanks 
was converted into the seat of a most pnjsporous industry. Tlie 
general interests of the trade aiijicar to be regulated in a similar 
manner to that at Whitstable; delegates are aj^pointed by the 
various communities to watch over the business as a whole, 
while questions alfecting the well-being of oyster-culture arc 
discussed in a sort of representative assembly. 

At the same time as Boeuf was planting his first oysters on 
the shores of the Ih^ de He, M. Coste had been reporting to the 
French government in favour of such a system of ostreiculture 
as was then practised by the Italians in the old classic Lakes 
Avernus and Lucrinus. The principle there adopted was to 
prevent, as far as possible, the escaiie of the spat from the 
ground at the time when it is first emitted by the breeding 
oyster. Stakes and fascines of wood were placed in such a 
position as to catch the spat and give it a chance of obtaining a 
hold before it perished or was carried away into the oiien sea. 
The old oyster beds in the Bay of St. Brieuc were renewed on 
this princijde, banks being constructed and overlaid with bundles 
of wood to prevent the escape of the new spat. The attempt 
was entirely successful, and led to the establishment or re- 
establishment of those numerous pares, with which the French 
coast is studded from Brest to the Gironde. The principal 
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centres of the industry are Arcaclion, Auray, Cancale, and la 
Teste. 

It is at Marcnnes, in Normandy, that the production of the 
celebrated ‘ green oyster * is carried out, that especial luxury of 
the French epicure. Green oysters are a peculiarly French 
taste, and, tliougli they sometimes occur on the Essex marshes, 
tliere is no market for them in England. The preference for 
tliem, on the continent, may be traced back as early as 1713, 
wlieii we find a record of their having been served up at a 
supper given by an ambassador at the Hague. Green oysters 
are not always green, it is only after they are placed in tlie 
‘ claires,’ or fattening ponds, that they acquire the hue ; they 
never occur in the open sea. The green colour does not extend 
over the whole animal, but is found only in the branchiae and 
labial tentacles, which are of a deep blue-green. Various theories 
have been started to explain the " greening ’ of the mollusc ; the 
presence of copper in the tanks, the chlorophyll of marine algae, 
an overgrowth of some parasite, a disease akin to liver complaint, 
have all found their advocates. Prof. Lankester seems to have 
established^ the fact, — which indeed had been observed 70 years 
before by a M. Gaillon — that the greening is due to the growth 
of a certain diatom {Navicula ostrearia) in the water of the tanks. 
This diatom, which is of a deep blue-green colour, appears from 
April to J une, and in September. The oyster swallows quantities 
of the Navicula ; the pigment enters the blood in a condition of 
chcmi(!al modification, which makes it colourless in all the other 
parts of the body, but when the blood reaches the gills the 
action of the secretion cells causes the blue tint to be restored. 
The fact that the colour is rather green than blue in the gills, 
which are yellowish brown, is due to certain optical conditions. 

Not till the young white oyster has been steeped for several 
years in the muddy waters of the ' claires ' docs it acquire the 
proper tint to qualify it for the Parisian restaurant. The 'claires' 
are each about 100 feet square, surrounded by low broad banks 
of earth, about 3 feet high and 6 feet thick at the base. Before 
the oysters are laid down, the gates which admit the tide are 
carefully opened and shut a great many times, in order to 
collect a sufficient amount of the Navicula. When this is done, 
the beds are formed, and are not again overflowed by the sea, 
* Quart, Jmm. Micr. Sc. xxvi. p. 71. 
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except at very high tides. The oysters are shifted from one 
‘ c'laire ’ to another, in order to perfect the ' greening ' process. 
About fifty million of these * huitres de Marennes * are produced 
annually, yielding a revenue of 2,500,000 francs. 

It appears, from the experience of one of the most enthusiastic 
of French oyster-growers (Dr. Kemmcrer), that oysters grow best 
in muddy water, and hreed best in clear water. Thus the open 
sea is the place where the spat should fall and be secured, and, 
as soon as it is of a suitable size, it should be transferred to the 
closed ta;ik or reservoir, wlierc it will find the quiet and the 
food (confervae, infusoria, minute algae) which are so requisite 
for its proper growth. In muddy ground the animal and 
phospliorous matter increases, and the flesh becoines fatter and 
more oily. A sudden change from the clear sea-water to the 
muddy tank is inadvisable, and thus a series of shiftings through 
tanks witli water of graduated degrees of nourishment is the 
secret of proper oyster cultivation. 

The American oyster trade is larger even tlian the French. 
The Baltimore oyster beds in the Chesapeake river and its 
tributaries cover 3000 acres, and produce an annual crop of 
25 million bushels, as many as 100,000 bushels being sometimes 
taken from Chesapeake; Bay in a single day. Baltimore is the 
centre of the tinned oyster trade, while that in raw oysters 
centres in New York. Most of the beds whose produce is 
carried to New York are situated in New Jersey, Connecticut, 
Delaware, or Virginia. The laws of these states do not allow 
the beds to be owned by any but resident owners, and tlie^ 
New York dealers have consequently to form lictiti(jus part- 
nerships with residents near the various oyster beds, supply 
them with money to buy the beds and plant the oysters, and 
then give them a share in the profits. It has been estimated 
that from the Virginia beds 4,000,000 busliels of oysters arc 
carried every year to Fair Haven in New England, 4,000,000 
to New York, 3,000,000 to Providence, and 2,000,000 each to 
Boston, Philadelphia, and Baltimore. The American 'native' 
(0. virginica) is a distinct species from our own, being much 
larger and longer in proportion to its breadth ; it is said to be 
also much more prolific. 

According to Milne-Edwards,^ in the great oyster parks on 
^ See G. H. Lewes, Seorside Studies, p. 839. 
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the coasts of Calvados, the oysters are educated to keep their 
shells closed when out of water, and so retain water enough 
inside to keep their gills moist, and arrive at their destination 
in good condition. As soon as an oyster is taken out of the 
sea, it closes its shells, and keeps them closed until the shock of 
removal has passed away, or perhaps until the desirability of a 
fresh supply of water suggests itself. The men take advantage 
of this to exercise the oysters, removing them from the sea for 
longer and longer periods. In time this has the desired effect ; 
the well-educated mollusc learns that it is hopeless to ^ open ' 
when out of the water, and so keeps his shell closed and his gills 
moist, and his general economy in good condition. 

Oysters have been known to live entirely out of water for a 
considerable time. Prof. Verrill once noticed^ a large cluster of 
oysters attached to an old boot, hanging outside a fish-shop in 
Washington. They had been taken out of the water on about 
10 th December, And on 25 th February following some of the 
largest were still alive. It was noticed that all those which sur- 
vived had the hinge upward and the ventral edge downward, tliis 
being the most favourable position possible for the retention of 
water within the gill-eayity, since the edge of the mantle would 
I)ack against the margins of the shell, and prevent the water 
from leaking away. 

Such a succulent creature as the oyster has naturally many 
enemies. One of the worst of these is the ravenous Starfish, or 
Five-finger. His omnivorous capacities are well described by a 
clever writer and shrewd observer of nature : " Here is one 
doubled up like a sea-urchin, brilliant of hue, and when spread 
out quite 16 inches in diameter; where, and oh where, can you 
obtain a prey ? The hoe we carry is thrust out and the mass 
dragged shorewards, when the rascal disgorges two large dog- 
whelks he has been in the process of devouring. We feel a 
comfortable glow of satisfaction to think that this enemy of our 
oyster-beds is also the enemy of our other enemy, this carnivor- 
ous borer. Here, quite close alongside, is another, only inferior 
in size, and we drag him ashore likewise, to find that the fellow 
has actually had the courage and audacity to suck the contents 
out of a large horse-mussel {Modiola), the strong muscle alone 
remaining undevoured. We proceed along but a short way 
' Bull. U. S. Fish. Cmnm. v. p. 161. 
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when we meet with still another in the curled-up condition in 
which they gorge themselves, and as we drag it shorewards the 
shell of a Tajpes pullastra drops from the relaxing grasp of the 
ogre. Slowly the extended stomach returns to its place, and 
the monster settles back to an uncomfortable after-dinner siesta 
on an exposed boulder; for the starfish wraps its turned-out 
stomach around the prey it has secured, in place of attempting 
to devour the limey covering in which most of its game is 
protected. Once the mouth of the shell is enclosed in the 
stomach of the starfish, the creature soon sickens, the hinge- 
spring relaxes its hold, and the shell opening, permits the star- 
fish to suck out the gelatinous contents, and cast free the 
calcareous skeleton.” ^ 

According to other observers the starfish seizes the oyster 
with two of his fingers, while with the other three he files away 
the edge of the flat or upper valve until the points of contact 
with the round valve are reduced almost to nothing ; then he can 
introduce an arm, and the rest is easy work. Others suggest 
that the starfish suffocates tlie oyster by applying two of its 
fingers so closely to the edge of the valves that the oyster is. 
unable to open them ; after a while the vital powers relax and 
the shell gapes. The Eev. J. G. Wood holds ^ that the starfish 
pours a secretion from its mouth which "paralyses the hinge 
muscle and causes the shell to open.” Sometimes in a single 
night a whole bed of oysters will be totally destroyed by an 
invasion of starfish. Another dreaded enemy is the ' whelk,' a 
term which includes Purpura lapillus, Murex erinaceus, BuQcinuin 
undatum, and j)robably also Nassa reticulata. All these species 
perforate the shell with the end of their radula, ani then suck 
out the contents through the neatly drilled hole. Skate fish 
are the cause of terrible destruction in the open beds, and a 
scarcely less dangerous visitant is the octopus. Crabs crush the 
young shells with their claws, and are said to gather in bands 
and scratch sand or mud over the larger specimens, which makes 
them open their shells. Yet another, and perhaps unconscious, 
foe is found in the common mussel, which takes up room meant 
for the young oysters, grows over the larger individuals, and 
harbours all sorts of refuse between and under its closely packed 


^ AV. Anderson Smith, Loch Creran, p. 228. 
‘ Lmigman's Magazine, Juno 1889. 
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ranks. Clioiui, a parasitic sponge, bores in between the layers 
of the oyster’s shell, pitting them with tiny holes (corresponding 
to its osctUa), and disturbing the inmate, who has constantly to 
construct new layers of shell from the inside. Weed, annelids, 
‘ blubber,’ shifting sand or mud, sewage or any poisoning of the 
wat^r, are seriously harmful to the oyster’s best interests. A 
very severe winter is often the cause of wholesale destruction in 
the beds. According to the Daily News of 26th March 1891, 
the Whitstable oyster companies lost property to the value of 
£30,000 in the exceptionally cold winter of 1890-91, when, on 
the coast of Kent, the surface temperature of the sea sank below 
32°, and the advancing tide pushed a small ice-floe before it. 
Two million oysters were laid down in one week of the following 
spring, to make up for the loss. Dui'ing the severe winter of 
1892-93 extraordinary efforts were made at HayUng I. to protect 
the oysters from- the frost. Twenty million oysters were placed 
in ponds for the winter, and a steam-engine was for days 
employed to keep the ponds thawed and supplied with water, 
while large coal and coke fires were kept burning at the edge of 
the ponds.^ On the other hand, the unusually warm and sunny 
summer of 1893 is saicf' to have resulted in the finest faU of spat 
known in Whitstable for fifty years.® 

The reprodwtive activity of the oyster is supposed to com- 
mence about the third year. Careful research has shown ® that 
the sexes in the English oyster are not separate, but that each 
individual is male as well as female, producing spermatozoa as 
well as ova in the same gland. Here, however, two divergent 
views appear. Some authorities hold that the oyster does not 
fecundate its own eggs, but that this operation is performed by 
spermatozoa emitted by other specimens. It is believed that, 
in each individual, the spermatozoa arrive at maturity first, and 
that the ova are not produced until after the spermatozoa have 
been emitted; thus the oyster is first male and then female, 
morphqliQgically hermaphrodite, but physiologically imisexuaL 
Otb;^ pra of opinion that the oyster does fecundate its own 
eggs^ cppa being first produced, and passed into the infrabranchial 
o hamh er — ^the 'white-sick* stage — and then, after an interval, 

^ SL James's Qaa/UU^ 6tli January, 1898. 

Also at Aroachon (W. A. Herdman, Nature^ 1898, p. 269). 

: * See eepecially Hoek, Tydsehn Nsd, Disrh. Fsreen, SuppL Dee], i. 1888. , 
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spermatozoa being formed and fecundating these ova — the 
'black-sick' stage. In this latter view the oyster is fij^t 
female and then male, and is, both morphologically and physio- 
logically, hermaphrodite. The old view, that ' bladc-sick ’ 
oysters are the male, and ‘ white-sick ’ the female, is therefore 
quite incorrect. 

The ova, in their earliest stage, consist of minute oval 
clusters of globules floating in a transparent mucua They 
pass from the ovary into the gills and folds of the mantle, and 
are probably fecundated within the excretory ducts of the ovary, 
before arriving in the mantle chamber. In this stage the oyster 
is termed ‘ white-sick.' In about a fortnight, as the course of 
development proceeds, the fertilised ova become ciliated at one 
end (the so-called veliger stage, p. 131), and soon pigment appears 
in various parts of the embryos, giving them a darker colour, 
which varies from greyish to blue, and thus the white-sick oyster 
becomes 'black-sick.' When the black spat emerge, they are 
still furnished with cilia for their free-swimming life. TMs is 
of very short duration, for unless the embryo finds some suit- 
able groimd on which to aiiix itself within forty-eight hours, it 
perishes. As the spat escapes from the parent oyster, which 
slightly opens its valves and blows the spat out in jets, it 
resembles a thick cloud in the water, and is carried about at the 
mercy of wind and tide. April to August are the usual spawning 
months, warm weather being apparently an absolute necessity 
to secure the adhering of the spat. A temperature of 65° to 72" 
F. seems requisite for their proper deposit. Thus on 4 fine, 
warm day, with little wind or tide running, the spat .will fall 
n^ the parents and be safely secured, while in cold -blustering 
weather it will certainly be carried off to a distance, and pro- 
bably be altogether lost. The number of young produced by 
each individual has been variously estimated at from 300,000 to 
60,000,000. Either extreme seems enormous, but it must be 
remembered that besides climatal dangers, hosts of enemies — other 
MoUusca, fish, and Crustacea — ^beset the opening career of the 
young oyster. 

As soon as the spat has safely ‘fellen,’ it adheres to some 
solid object, and loses the cilia which were necessary for its 
swimming life. It bqgins to grow rapidly, incteasing from 
about inch in diameter to about ^e nze of a threepenny 

VOL. in I , 
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jUipce in iiyd or six months, and in a . year to 1 inch in 
diameter.' BougMy. speaking, the best guide to an oyster’s age 
is its size ; it is as many years old as it measures inches acrosa 

The oyster is at its prime at the age of five ; its natural life 
is supposed to be about ten years. The rings, or ‘ shoots ’ on a 
shell are not — as is frequently supposed — marks of annual 
growth ; cases have been noticed where as many as three 
‘ shoots ’ were made ^during the year. 

An oyster is furnished, oh the protruding edges of the 
mantle, with pigmented spots which may be termed ‘ visual 
organs,’ though they hardly rise to the capacities and organisation 
of real ‘ eyes.’ But there is no doubt that they are sufficiently 
sensitive to the action pf light to enable the oysW to apprehend 
the approach of danger, and close his doors accordingly. ‘ How 
sensitive,’ notes Mr. W. Anderson Smith,^ ‘ the creatures are to the 
light abo've them ; the shadow of the iron as it passes overhead 
is instantaneously noted, and snap ! the lips are firmly closed.’ 

The geographical distribution of Ostrea edtdis extends from 
Tranen, in Norway, dose to the Arctic circle, to Gribraltar and 
certain parts of the Mediterranean, Holland, and N. Gfermany to 
Heligoland, and the western shores of Sleswick and Jutland. It 
occurs in Iceland, but does not enter the Baltic, where attempts 
to. colonise it have always failed. Some authorities regard the 
Mediterranean form as a distinct speciea 

The literature of oyster -cookery may be passed over in 
silence. The curious may C6u:e to refer to M. S. Lovell’s Edible 
British Mollushs, where no less than thirty-nine different ways 
of dressing oysters are enumerated. It may, however, be worth 
while to add a word on the subject of poisoiuyus oysters. Cases 
have been known where a particular batch of oysters has, 
for some reason, been fatal to those who have partaken of them. 
It is possible that this may have been due, in certain instances, 
to the presence of a superabundance of copper in the oysters, 
and there is no doubt that the symptoms detailed have often 
closely resembled those of copper poisoning. Cases of poisoning 
haive occurred at Eochefort through the importation of * green 
oysters’ from Falmouth. It would ho dpiibt be dangerous ever 
to eat oysters which had grown bn the" copper bottom of a ship. 
But copper is present, in more or less minute quantities, in very 

* Benderldeh, p. ISS. 
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many MoUusca, and it is more pro^t^ble that a ^t^rtaiu forin. 
of dow decomposition in some shell-fish dev^ops an alkaloid 
poison which is more harmful to some people than to others, 
just as some people can never digest any kind of shell-fish.' 
These alkaloid developments from putrescence are called 
ptomainea In confirmation of this view, reference may be 
made to a case, taken from an Indj^an Scientific Journal, in 
which an officer, bis wife, and household ate safely of a basket of 
oysters for three days at almost every meal. The basket then 
passed out of their hands, not yet exhausted of its contents, and 
a man who had already eaten of these oysters at the officer’s 
table was afterwards poisoned by some from the same basketful 

The cultivation of the common mussel {MytUm edtdis L.) is 
not practised in this country, although it is used as food in the 
natural state of growth all round our coasts. The French 
appear to be the only nation who go in for extensive mussel 
farming. The principal of these establishments is at a little 
town called Esnaudes, not far from La Eochelle, and within 
sight of the lie de E4 and its celebrated oyster parks. The 
secret of the cultivation consists in the employment of ‘ bouchots,’ 
or tall hurdles, which are planted in the mud of the foreshore, 
and upon which the mussel (la Ttioule, as the French call it) 
grows. The method is said ^ to have been invented as long ago 
as 1235 by a shipwrecked Irishman named Walton. He used 
to hang a purse net to stakes, in the hope of capturing sea birds. 
He found, however, that the mussels which attached themselves 
to his stakes were a much more easily attainable source of food, 
and he accordingly multiplied his stakes, out of which the 
present ‘ houchot ’ system has developed. The shore is simply a 
stretch of liquid mud, and the bouchots are arranged in shape 
like a single or double Y, with the opening looking towards the 
sea. . The fishermen, in visiting the bouchots, glide about over 
the mpd in piroques or light fiat-bottomed boats, propelling 
them by shoving the mud with their feet. Each bbuchot is now 
about 450 yards long, standing .6 feet out of the mud, making 
a strong wall of solid basket-work, and as there are altogether at 
least 500 bouchots, the ,tot^ mussel-bearing .length of wall is 
nearly 130 miles. 

^ This is the view of E. Bay Lsakestw, Quart Jtnm, Uiar. Se. zxvi. 80 . 

* De Quatrefiiges, of a Naturalitt 
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The mussel -spat affixes itself naturally to the bouchots 
nearest the sea, in January and February. Towards May the 
planting begins. The young mussels are scraped off these 
outermost bouchots, and placed in small bags made of old 
canvas or netting, each bag holding a good handful of the 
mussels. The bags are then fastened to some of the inner 
bouchots, and the mussels soon attach themselves by their 
byssus, the bag rotting and falling away. They hang in clusters, 
increasing rapidly in size, and at the proper time are trans- 
planted to bouchots farther and farther up the tide level, the 
object being to bring the matured animal as near as possible to 
the land when it is time for it to be gathered. This process, 
which aims at keeping the mussel out of the mud, while at the 
same time giving it all the nutrition that comes from such a 
habitat, extends ov^er about a year in the case of each individual. 
Quality, rather than quantity, is the aim of the Esnaudes 
boucholiers. The element of quantity, however, seems to come 
in when we are told that each yard of the bouchots is calculated 
to yield a cartload of mussels, value 6 francs, and that the whole 
annual revenue is at least £52,000. 

In this country, ^and especially in Scotland, mussels are 
largely used as bait for long-line fishing. Of late years other 
substances have rather tended to take the place of mussels, but 
within the last twenty years, at Newhaven on the Firth of Forth, 
three and a half million mussels were required annually to 
supply bait for four deep-sea craft and sixteen smaller vessels. 
According to Ad. Meyer,^ boughs of trees are laid down in 
Kiel Bay, and taken up again, after three, four, or five years, 
between December and March, when they are found covered 
with fine mussels. The boughs are then sold, just as they are, 
by weight, and the shell-fish sent into the interior of Germany. 

Mussels are very sensitive to cold weather. In 1874, during 
an easterly gale, 196 acres of mussels at Boston, in Lincolnshire, 
were killed in a single night. They soon affix themselves to the 
bottom of vessels that have lain for any length of time in harbour 
or near the coast. The bottom of the Cheat Haatern steamship 
was at one time so thickly coated with mussels that it was esti- 
mated that a vessel of 200 tons could have been laden from her. 

In some of our low-lying coast districts mussels are a 
^ Quoted by Jeffreys, Brit, C<mch. iL p. 109. 
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valuable protection against inundation. “ An action for trespass 
was brought some time ago for the purpose of establishing the 
right of the lord of the manor to prevent the inhabitants of 
Heacham from taking mussels from the seashore. The locality 
is the foreshore of the sea, running from Lynn in a north- 
we.sterly direction towards Hunstanton in Norfolk; and the 
nature of the shore is such that it requires constant attention, 
and no little expenditure of money, to maintain its integrity, 
and guard against the serious danger of inundations of the sea. 
Beds of mussels extend for miles along the shore, attaching 
themselves to artificial jetties running into the sea, thereby 
rendering them firm, and thus acting as barriers against the sea 
[and as traps to catch the silt, and thus constantly raise the 
level of the shore]. Therefore, while it is important for the 
inhabitants, who claim a right by custom, to take mussels and 
other shell-fish from the shore, it is equally important for the 
lord of the manor to do his utmost to prevent these natural 
friends of his embankments and jetties from being removed in 
large quantities.” ^ 

The fable that Bideford Bridge is held together by the 
byssi of Mytilus, which prevent the fabric from being carried 
away by the tide, has so often been repeated that it is perhaps 
worth while to give the exact state of the case, as ascertained 
from a Town Councillor. The mussels are supposed to be of 
some advantage to the bridge, consequently there is a by-law 
forbidding their removal, but the corporation have not, and 
never had, any boat or men employed in any way with jregard 
to them. 

Poisoning by mussels is much more frequent than by oysters. 
At Wilhelmshaven,® in Germany, in 1885, large numbers of 
peisons were poisoned, and some died, from eating mussels 
taken from the harbour. It was found that when transferred to 
open water these mussels became innocuous, while, on the other 
hand, mussels from outside, placed in the harbour, became 
poisonous. The cause obviously lay in the stagnant and 
corrupted waters of the harbour, which were rarely freshened by 
tides. It was proved to demonstration that the poison was not 
due to deeomposition ; the liver of the mussels was the poisonous 
part. In the persons affected, the symptoms were of three 

’ ^r. S. Lov«lI, EiihU Molhuikt, p. 49. * Sdenee, vii. p. 173. 
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kinds, exanthematous (skin eruptions), choleraic, and paralytic. 
Cases of similar poisoning are not unfrequcnt in our own 
country, and the circumstances tend to show that, besides the 
danger from mussels bred in stagnant water, there is also risk 
in eating them when ' out of season ’ in the spawning time. 

IVliellcs are Yin^y largely employed for bait, especially in the 
cod fishery. The whelk fishery in Whitstable Bay, both for 
bait and for human food, yields £12,000 a year. Dr. Johnston, 
of Berwick, estimated that about 12 million limpets were 
annually consumed for bait in that district alone. The (*ocklc 
lisliery in Carmarthen Bay employs from 500 to GOO families, 
and is worth £15,000 a year; that in Morecambe Bay is worth 
£ 20 , 000 . 

Cultivation of Snails for Food ; use as Medicine. — It wiis 
a certain Fulvius Ilirpinus who, according to Pliny the cld(n',^ 
first instituted snail preserves at Tarquinium, about 50 B.c. He 
ajjpears to have bred several species in his ‘ cochlearia,’ keeping 
tliem separate from one another. Tn one division were the 
alhulae, which came Irom Keate ; in another the ' very big snails ' 
(probably IL lucorum), from Illyria; in a tliird the Africfan 
snails, whose characteristic was their fecundity; in a fourtli 
thosti from Solctum, noted for their 'nobility.’ To incrcfise tlie 
size of his snails, Hirpinus fed them on a fattening mixture of 
meal and new wine, and, says the author in a burst of enthusiasm, 

' the glory of this art was carried to such an extent that a 
single snail-shell was capable of holding eighty sixpenny pieces.’ 
Varro^ recommends that the snaileries be surrounded by a 
ditch, to save the expense of a special slave to catch the 
runaways. Snails were not regarded by the Romans as a 
particular luxury. Pliny the younger reproaches-* his friend 
Septicius Clams for breaking a dinner engagement with him, at 
which the menu was to have been a lettuce, tlirec snails and two 
eggs apiece, barley water, mead and snow, olives, beetroot, gourds 
and tnillies, and going off somewhere else where he got oysters, 
scfilhjps, and sea-urchins. In Horace’s time they were used as a 
gentle stimulant to the appetite, for 

‘‘ ’Tis best with roasted shrimps and Afric snails 
To rouse your drinker when his vigour fails.” * 

^ Hint. Nat, ix. 82. ® De re ruslica, iii. 14. ® Epistles^ i. 15. 

Hor. Sat. TI., iv. 58, tr. Conington. 
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* Ewargotieres, or snail-gardens, still exist in many parts ol‘ 
Europe, e.g. at Dijon, at Troyes and many other places in 
central and southern Erance, at Brunswick, Copenhagen, and 
Ulm. The markets at Paris, Marseilles, Bordeaux, Toulouse, 
Nantes, etc., are chiefly supplied by snails gathered from the 
open country, and particularly from the vineyards, in some ol‘ 
which TIclix jjomatia abounds. In the Morning Post of 8th 
May 1808 there is aii account of the operation of clearing tlie 
cclebrati'd (Jlos do Vougeot vineyard of these creatures. No less 
tlian 240 gallons were captured, at a cost in labour of over 100 
francs, it being estimated that these snails would have da-maged 
the vines to an extent represented by the value of 15 to 20 pipes 
of wine, against which may be set the price fetched by the snails 
when sold in the market. 

It is generally considered dangerous to eat snails at onev, 
which laive been gathered in the open country. Cases have 
occurred in which death by poisoning has resulted from a neglect 
of tliis precaution, since snails fiicd on all manncjr of noxious 
herbs. Before being sent to table at the restaurants in the great 
towns, tJiey arc hittened by being fed with bran in the same way 
as oysters. 

T\ur Eonian Catholic Church permits the consumption of 
snails during Lent. Very large numbers are eaten in France 
and Austria at this time. At the village of Cauderon, near 
Bordeaux, it is the ])roper thing to end Carnival with especial 
gai(‘ty, but to teniptu* the gaiety with a dish of snails, as a 
foretaste of Lenten mortification. 

The following species appear to be eaten in France at tljc 
present day : ir, pomatia, aspersa, nemoredis, hortensis, aperta, 
pisana, vermiculata, lactea. According to Dr. Cray, the giassmen 
at Newcastle used to indulge in a snail feast once a year, and a 
recent writer informs us that IL aspersa is still eaten by working 
peojple in the vicinity of Pontefract and Knottingley.^ But in 
this country snails appear to be seldom consciously used as an 
article of food ; th(‘. limitation is necessary, for Lovell tells us 
that they are mu(-*h employed in the manul'acture of cream, ajul 
that a retired (!) milkman pronounced it the most successful 
imitation known. 

Preparations made from snails used to be highly estecjiied as 
* Roberts, Zoolo(jisi^ 1885, p. 425. 
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a cure for various kinds of diseases and injuries. Pliny the elder 
recommends them for a cough and for a stomach-ache, but it is 
necessary to take an uneven number of them.” ^ Five Al'rican 
slugs, roasted and beaten to a powder, with half a drachm of 
acacia, and taken with myrtle wine, is an excellent remedy for 
dysentery. Treated in various ways, snails have been considered, 
in modern times, a cure for ague, corns, web in the eye, scorbutic 
affections, hectic fevers, pleurisy, asthma, obstructions, dropsy, 
swelling of the joints, headache, an impostume (whitlow), and 
burns. One of Pliny’s remedies for headache, which competes 
with the bones of a vulture’s head or the brain of a crow or an 
owl, is a plaister made of slugs with their heads cut off, wliich is 
to be applied to the forehead. He regards slugs as immature 
snails, whose growth is not yet complete {nondum perfectae), 
Lovell states that ''a large trade in snails is carried on for 
Covent Garden market in the Lincolnshire fens, and that they 
are sold at 6d. per quart, being much used for consumptiAo 
patients and weakly children.” 

The custom still seems to linger on in some parts of the 
country. Mr. E. Bundle, of the Eoyal Cornwall Infirmary, gives 
his experience in the following terms : " I well remember, some 
twelve years since, an individual living in an adjoining pfirish 
[near Truro] being pointed out to me as ‘ a snail or slug cater.’ 
He was a delicate looking man, and said to be suffering from 
consumption. liUSt summer I saw this man, and asked him 
whether the statement that lie was a ' snail cater ’ was true : he 
answered, ' Yes, that he was ordered small white slugs — not 
snails — and that up till recently he had consumed a dozen or 
more every morning, and he believed they had done him good.’ 
There is also another use to which the country people here put 
snails, and that is as an eye application. I met with an instance a 
few weeks since, and much good seemed to have followed the use.” ^ 

A reverend Canon of the Church of England, whose name T 
am not permitted to disclose, informs me that there was a belief 
among the youth of his native town (Pontypool, in Monmouth- 
shire) that young slugs were " good for consumption,’ and that 
they were so recommended by a doctor who practised in the 
town. The slugs selected were about f inch long, " such as may 
be seen crawling on the turf of a hedge-bank after a shower of 
^ Hist. Nat, XXX, 15, 19. - Science Gossip^ 1891, p. 166. 
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rain.” They were " placed upon the tongue without any previous 
preparation, and swallowed alive.” My informant himself in- 
dulged in this practice for some time, " not on account of any 
gustatory pleasure it afforded, but from some vague notion that 
it might do him good.” 

A colleague of mine at King's College tells me that the country 
people at Ponteland, near Morpeth, habitually collect Zimax 
agrestis and boil it in milk as a prophylactic against consump- 
tion. He has himself frequently devoured them alive, but they 
must be swallowed, not scrunched with the teeth, or they taste 
somewhat bitter. 

Snails have occasionally fallen, with other noxious creatures, 
under the ban of the Church. In a prayer of the holy martyr 
Trypho of Lampsacus (about 10th cent. A.l).) there is a form of 
exorcism given which may be used as occasion requires. It 
runs as follows : 0 ye Caterpillars, Worms, Beetles, Locusts, 

Grasshoppers, Woolly- Bears, Wireworms, Longlegs, Ants, Lice, 
Bugs, Skippers, Cankerworms, Palmerworms, Snails, Earwigs, 
and all other creatures that cling to and wither the fruit of the 
grape and all other herbs, I charge you by the many-eyed 
Cherubim, and by the six-winged Seraphim, which fly round tla^ 
throne, and by the holy Angels and all the Powers, etc. etc., hurt 
not the vines nor the land nor the fruit of tlio trees nor tlie 

vegetables of the servant of the Lord, but depart into the 

wild mountains, into the unfruitful woods, in which God hath 
given you your daily food.” 

Prices given for Shells. — Very high prices have occasionallj’ 
been given for individual specimens, particularly about thirty or 
forty years ago, when the mania for collecting was at its height. 
Ill those days certain families, such as the Volutidae, Conidae, and 
Cypraeidae, were the especial objects of a collector's ardour, and 
lie spared no expense to make his set of the favourite genus as 
complete as possible. Thus at Stevens' auction-rooms in Covent 
Garden, on 21st July 1854, one specimen of Conus cedo nulli 
fetched £9 : 10s., and another £16, a C. omaicus 16 guineas, 
C. victor £10, and C, gloria maris, the greatest prize of all, 
£43 :1s. At the VernMe sale, on 14th Dec. 1859 two Conus 
omaicus fetched £15 and £22, and a C. gloria maris £34. At 
the great Dennison sale, in April 1865, the Conidae fetched 
extravagant prices, six specimens averaging over £20 a-piece. 
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Gorvus cede nvlli went for £18 and £22, 0 , omaieus for £12, 
G. medaccanus for 10 guineas (this and one of the eedo mUli 
being the actual specimens figured in Beeve’s Gonohologia 
Tconica), G. cervtis for £19 and G. gloria maris for £42. On 
9th May 1866 a Gypraea Broderipii was sold at Stevens’ auction- 
rooms for £13, and at the Dennison sale a Gypraea priweps 
fetched £40, and G. guttaia £42. The Volutidae, although not 
quite touching these prices, have yet done fairly well Mr. 
Dennison’s Valuta fwiformis s(M for £6 : 15s., V. papillaris for 
£5, V. cymMola for £5 : 15&, V. reticulata for 8 guineas, and two 
specimens of the rarest of all Volutas, V. f estiva, for £14 and 
£16, both being figured in the Gonehologia. At the same 
sale, two unique specimens of Oniscia Bennisoni fetched £17 
and £18 respectively, and, at the Vernfede sale, Aneillaria 
Vcj'nidei was bought for £6 :10s., and Valuta pipcrala for 
£7 : 10a 

A unique specimen of a recent Plewotomaria {guoyana 

and B.) was purchased by Miss de Burgh in 1873 for 25 
guineas, and another species of the same genus (adansoniana 
Cr. and F.), of extraprdinary size and beauty, is now offered for 
sale for about £100. y 

Bivalves have never fetched quite such high prices as uni- 
valves, but some of the favourite and showy genera have gone 
near to rival them. On 22nd June 1869, at Stevens’, Pecten 
Solaris fetched £4 : 5s., P. Beevii £4 : 8s., and Gardita varia 
5 guineaa Mr. Dennison’s specimens of Pecten suhTwdosus sold 
for £7, of Gorbula Sowerbyi for £10, of Pholadomya Candida 
for £8 and £13, while at the Vern6de sale a Ghama damicornis 
fetched £7. 



CHAPTER V 

RBPRODTTOTION DEPOSITION OF EGGS — DEVELOPMENT OF THE 

FERTILISED OVUM — DIFFERENCES OF SEX — DIOECIOUS AND 
HERMAPHRODITE MOLLUSCA — DEVELOPMENT OF FRESH-WATER 
BIVALVES. 

Eeproduction in the MoUusca invariably takes place by means 
of eggs, which, after being developed in the ovary of the female, 
are fertilised by the spermatozoa of the male. As a rule, the 
eggs are ' laid,’ and undergo their subsequent development apart 
from the parent. This rule, however, has its exceptions, both 
among univalve and bivalve MoUusca, a certain number of which 
hatch their young from the egg before expelling them. Such 
ovoviviparous genera are Melania, FaltuUna, Balea, and Coeliaayis 
among land and fresh -water MoUusca, and Cymha and many 
TMtorina amongst marine. The young of Melania tuheretdata, 
in Algeria, have been noticed to return, as if for shelter, to the 
brancMal cavity of the mother, some days after first quitting it. 
Isolated species among Fuhnonata are known to bo oyoviyi- 
parous, e.g. Patvia Covp&ri, P. Hemphilli, and P.’ rupestris, 
ManthintUa harpa, Microphysa vortex, Pupa eylindraeea and 
musoorum, Clausilia veniricosa, Opeas dominicensis, Bhytida in- 
axqutdu, etc. All fresh-water Pelecypoda yet examined, except 
Breisseyma, are ovoviviparous. 

The number of eggs varies greatly, being highest in the 
Pelecypoda. In Ostrea edvXie it has been estimated at from 
300,000 to 60,000,000 ; in Amdonta from 14,000 to 20,000 ; 
in Unio pktorum 200,000. The eggs of Boris are reckoned at 
from 80,000 to 600,000, of Loligo and S^a at about 30,000 
to 40,000. Pulmonata lay comparatively few egga Arion ater 
has been observed to lay 477 in forty-eight days (p. 42). Nests 
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of Helix aspersa have been noticed, in which the nuinter of eggs 

varied from about 40 to 100. They are laid in little cup- 

shaped hollows at the roots of grass, with a little loose earth 

spread over them. The eggs of Testacella are rather large, and 

very elastic; if dropped on a stone floor they will rebound 

sharply several inches. The CocMostyla of the Philippines lay 

their eggs at the tops of the great forest trees, folding a leaf 

together to serve as a protection. 

The eggs of the great tropical Bulimits and AcUatiTia, 

_ together with those of the Macroon 

^ group of Helix {Helicophanta, Acavus, 

m Panda) are exceedingly large, and the 

f ^ uuml)er laid must be decidedly less 

I |H than in the smaller Pulmonata. Bull- 

m ’Mr ohlongus, for instance, from Bar- 

l)ados, lays an egg al>out the size of a 

sparrow’s (Fig. 38), Acliaf/ina sinis- 
Pio. 38. —Newly -hatched young , „„ 

and egg of BuUmm Mongus as large as a pigcoii s. Ihe 

Mitll., Barbados. Natural (Cingalese Helix Waltoni when first 

hatched is about the size of a full- 
grown H hortensis. There is, in tlie British Museum, ii speci- 
men of the egg of a Bulimus from S. America (probably marhnns 
or popelairamis) which measures exactly If inch in length. 

The Zimnaeidae deposit their eggs in irregular gelatinous 
masses on the under side of the leaves of water-plants, and on 
all kinds of debris. 


The Bachiglossa or marine carnivorous families lay their 
eggs in tough leathery or bladdery capsules, which are frequently 
joined together in shapes which differ with the genus. Each 
capsule contains a varying number of ova. The cluster of egg 
capsules of Buccinuvi undatum is a familiar object on all our 
sandy coasts. The capsules of Purpura lapillus are like delicate 
pink grains of rice, set on tiny stalks. They are not attached to 
one another, but are set closely together in groups in siieltered 
nooks of the rocks. * A single Purpura has been observed to pro- 
dute 245 capsules! Busycon lays disc-shaped capsules whicli 
are all attached at a point in the edge to a cartilaginous band 
nearly 3 feet in length, looking like a number of coins tied 
to a string at equal distances from one another. In Mur ex 
erinaxeus the egg capsules are triangular, with a short stalk. 
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They are deposited separately in clusters of from 15 to 150, there 
being about 20 ova in each capsule. It appears that all the 
species of the same genus have by no means the same methoil 
of depositing their eggs, nor do they always produce eggs of at 
all similar size or shape. Thus, of tyro British species of Naasa, 



FitJ. 39. — Various forms of spawn 
ill Prosohranchiaia : A and D, 
Pyrula or Buaycoii ; B, Cowus ; 
C| Yoluta musica; E, AmjnU- 
laria (from specimens in the 
British Miisuuni); all x j}. 


N, reticulata lays egg-capsules in shape like flattened pouches 
wilJi a short stalk, and fastens them in rows to the leaves of 
Zostera ; M. imrasmta^ on the other hand, deposits, solitary 
capsules, which are shaped like rounded oil-flaska ' Neptunea 
antiqua lays its eggs in bunched capsules, like Bucc. undatum 
(Fig. 40), but the capsules of N, grmilis are solitary. 

In Natica the eggs are deposited in what looks like a thick 
piece of sand-paper, curled in a spiral form (Fig. 41). The sand 
is agglutinated by copious mucus into a sort of sheet, and tlie 
eggs are let into this, sometimes {N, keros) in regular quincunx 
form. lanthina attaches its eggs to the under side of its float 
(Fig. 42). The Trochidae deposit their eggs on the under side 
of stones and sea-weeds, each ovum being contained in a separate 
capsule, and all the capsules glued together into an irregular 
mass of varying size. The female ot Gaierus ckinerms hatches 
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her eggs by keeping them lietween lier foot and the stone she 
adheres to. They are laid in from 6 to 10 capsules, connected 
by a pedicle and arranged like the petals of a rose, with 10 to 12 



Firj. 40. — Egg-capsiiles of, A, Kastaa Fia. 41. — Spawa of a species of 

reticulata L. x J ; B, Bncduum Natica (from a specimen in the 

nndaiim L. x j ; C, Xeptunea British Museum) x 

antiqua L. x . 

eggs in each capsule. Those Littorina which are not ovovivi- 
parous deposit their spawn on sea-weeds, rocks, and stones. 
'File eggs are enveloped in a glairy mass which is just lirm 
enough to retain its shape in the water ; each egg has its own 



Flo. i2,^Ianthina froLgitis Lam. FL, float ; O, ova ; Pr, proboscis ; Br, branchiae ; 
F, foot. (Quoy and Gaiinard.) 

glolnile of jelly and is separated from the others by a very thin 
transparent membrane.^ 

Chiton Tfiarginatus^ when kept in captivity, has been noticed^ 
^ Jeffreys, Brit. Conch, iii. p. 856. ® W. Clark, Mag. Xai. Hist, xvi. p, 440. 


SPAWN OF CHITON AND OF THE CEPHALOPODA 12/ 


to elevate the posterior part of the girdle, and to pour out a 
continuous stream of flaky white matter like a fleecy cloud, 
which proved to be of a glutinous nature. It then discharged 
ova, at the rate of one or two every second, for at least fifteen 
minutes, making a total of 1300 to 1500, each being about 
riu diameter. The ova were shot into the glutinous cloiul, 

which seemed to serve as a sort of nidus to entangle the ova and 
prevent them teing carried away. The subsequent development 
was rapid, and in seven days tlie young. Chiton was liatched, 
being then about inch long. Loven has described the samt*. 
species as laying its eggs, loosely united in clusters of seven to 
sixteen, upon small stones. There is probably some mistake about 
the identification, but the observation illustrates the varying 
methods of oviposition among allied forms. 

Not very much is known with regard to the ovipositing 
of the Cephalojioday especially those wliich inhabit deep 'water. 
Masses of ova arranged in 
very various forms have occti- 
sionally been met with float- 
ing in the ocean, but it is 
next to impossible to deter- 
mine to what species, or even 
genus, they belong.^ 

In Loligo puTictata the 
ova are contained in small 
cylindrical cases measuring 3 
to 4 in. by ^ in., to the 
number of about 250 ova in 
each case. Hundreds of these 
cases' are attached together like a bundle of sausages or young 
carrots, and the movements of the em1)ryos within can l)e dis- 
tinctly noted. Sepia officinalis lays large black pear-shaped 
capsules, each of which is tied to some place of attachment by a 
kind of ril)bon at the upper end of the capsule, the whole form- 
ing a large group like a bunch of grapes. Octopus vvlgaris 
deposits thousands of small berry-shaped ova, attached to a string 
which runs along the centre of the mass (Fig. 43). 

The so-called shell of the female Argoruiuta is nothing more 

^ Examples will be found in Jtmnu Liniu Soc. Zool, xi. p. 90 ; Ann. Sc. Nat. 
XX. p. 472 ; Zeit. wiss, Zool. xxiv. p. 419. 



Fia. 43. — Egg-capsules Sepia elcgane 

Orb., and B, OcUpus vulgaris. laaii. 
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than a form of protection for the ova, and is in no sense homo- 
logous to the ordinary molluscan shell. The ova consist of a 
large granulated mass, attached to a many branched stem ; they 
are contained in the spire of the shell, in contact with the 
posterior part of the body of the mother, but sometimes project 
externally beyond the coil of the spire. 

Certain species possess the curious property of laying their 
eggs on the outside of their own shells. BucGimpsis Dalei is 
not unfrequently found decorated with its own egg capsules. 
Possibly this species, which lives on oozy ground, finds this 
the only secure place of attachment for its progeny. Neritina 
Jluviatilis has a similar habit, and so have many other* species of 
Neritina and Navicella. It is not quite clear, in the latter cases, 
whether the eggs are laid by the specimens on whose shell 
they are found, or whether they are deposited by others. In 
cither case, perhaps the shell is the safest place for them in the 
rapiil streams which both genera frequent. Specimens of Hydrobia 
nlvae taken on the wet sands at the mouth of the Dee, are 
found to have several little rounded excrescences scattered over 
the surface of the shell. These, on examination, are found to 
be little masses of small sand -grains, in the centre of which 
is a clear jelly containing segmenting ova or young embryos. 
Here again, in all probability, the shell is the only comparatively 
stable object, in the expanse of shifting sands, on which the eggs 
can be laid.^ 

The pulmonate genus Libera, which occurs on a few of the 
island groups in the Central Pacific, is remarkable for the habit 
of laying its eggs within its own cavernous umbilicus, which is 
narrowed at the lower part. The eggs number from four to six, 
or the same number of very young shells may be seen closely 
packed in the cavity, each being in shape exactly like a young 
Planorbis. This constriction of the umbilicus does not occur till 
the formation of the last two whorls, i,e. till the animal is sexually 
mature. Some species, but not all, provide for the safety of their 
eggs more completely by forming a very thin shelly plate, which 
neaHy closes the umbilical region, and breaks away or is absorbed 
to facilitate the escape of the young shells.^ 

Union of — With regard to the act of union itself, 

^ Herdman, Proo. Lherp, Biol, Soc, iii. p. 30. 

* Garrett, Joum, Ac, Nat, Sc, Phil, viii. (1880). 
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the method in certain species of Limax deserves special notice. 
Z. maxiTnus has been observed at midnight to ascend a wall or 
some perpendicular surface. A pair then crawl round and round 
one another emitting a quantity of mucus which at length forms 
a patch, 2 to 2^- inches in diameter. When this acquires con- 
sistency the pair begin to twist round each other in corkscrew 
form, and detach themselves from the wall, hanging by a cord 
of the thickened mucus, about 8—15 inches long, and still twist- 
ing round each other. The external generative organs are then 
protruded and copulation takes place, after which the bodies 
untwist, separate, and crawl up the cord again to the wall.^ 

Periodicity in Breeding. — In the marine Mollusca, the 
winter months appear to be the usual time for the deposition of 
eggs. Careful observations have been made on the Mollusca 
occurring at Naples,^ and the general result seems to be that for 
all Orders alike the six winter months from November to April, 
roughly speaking, are the breeding time. Scarcely any forms 
appear to breed habitually in August, September, or October. 
On our own coasts, Nudibranchiata come in shore to deposit 
their ova from January to April. Purpura lapillus may be 
observed depositing ova all the year round, but is most active 
from January to April. Buccinum undatum breeds from October 
to May ; Littorina all the year round. 

The land Mollusca exhibit rather more periodicity than the 
marine. In temperate climates they breed exclusively in the 
summer months. In the tropics their periods are determined 
by the dry and rainy seasons, where such occur, otherwise they 
cohabit all the year round. According to Karl Semper, the 
snails of the warm Mediterranean region arrive at sexual maturity 
when they are six months old, i.e. before they are fully grown. 
After a rest of about three months during the heat of summer, a 
second period of ovipositing occurs.^ Helix hortensis and H 
nemoralis ascend trees, sometimes to a height of forty feet, when 
pairing.^ 

Hybridism as the result of union between different species of 
Mollusca is exceedingly rare. Lecoq once noticed on a wall at 
Anduze (Gard) as many as twenty specimens of Pupa cinerea 

^ J. Bladon, Zoologi^^ xvi. p. 6272. 

® Lo Bianco, MT, ZooL Stat, Neap, viii. p. 414. * Animal Life, pp. 126, 135. 

^ R. Rimmer, Land and Fresh- IVater Shells, p. 119. • Joum, de Conch, ii. p. 245. 
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united with ClausUia papillaria. Ifo offspring seem to have 
resulted from what the professor calls ' this innocent error/ for 
the wall was carefully scrutinised for a long time, and no hybrid 
forms were ever detected. 

The same observer noticed, in the Luxembourg garden at Paris, 
and M. Gassies has noticed * at various occasions, union between 
Helix a^ersa and nemorcdis, H. aspersa and vermic'ulata, between 
Stenogyra decoUata and a Helix (sp. not mentioned), H. variahilis 
and pisana, H. nemoralie and hortensis. In the two latter cases 
a hybrid progeny was the result. It has been noticed that these 
unions generally took place when the air was in a very electric 
condition, and rain had fallen, or was about to fall, abundantly. 

Of marine species Littorina rvdis has been- noticed ^ in union 
both with L. ohtusaia and with Z. littorea, but no definite facts 
are known as to the result of such imions. 

Self-impregnation (see p. 44). 

Development of the Fertilised Ovum. — The first stages in 
the development of the Mollusca are identical with those which 
occur in other classes of animals. The fertilised ovum consists of 
a vitellus or yolk, which is surrounded with albumen, and is 
either contained in asperate capsule, or else several, sometimes 
many, ova are found in the same capsule, only a small proportion, 
of which ultimately develop. The germinal vesicle, which is 
situated at one side of the vitellus, undergoes unequal segmenta- 
tion, the result of which is usuaDy the formation of a layer of 
small ectoderm cells overlying a few much larger cells which 
contain nearly the whole of the yolk. The large cells are then 
invaginated, or are simply covered by the growth of the ectoderm 
cells. The result in either case is the formation of an area, the 
blastopore, where the inner cells are not covered by the ectoderm. 
The blastopore gradually narrows to a circular opening, which, in 
the great majority of cases, eventually becomes the mouth. The 
usual differentiation of germinal layers takes place, the epiblast 
eventually giving, rise to the epidermis, nervous system, and 
special sense organs, the hypoblast to the liver and to the middle 
region of the alimentaiy tract, the mesoblast to the muscles, the 
body cavity, the vascular, the escreto^ and reproductive systems. 
The -next, we trochoaphere stage, involves the forma- 

^ J<mrn.‘d» Conchy Ail, 

* Jeffireys, BrU. Concl^in. p. 359 ; Sauvage, Jeum, de Confihyl. xxl p. li92. 
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tion of a circlet of praeoral cilia, dividing the still nearly spherical 
embryo into two unequal portions, , the smaller of which consists 
simply of the prostomium, or part in front of the mouth, the 
larger bearing the mouth and anus. 

So far the series of changes undergone by the embryo are not 
peculiar to the Molluswi ; we now come to those which are 
definitely characteristic of that group. The stage next succeed- 
ing the development of the trochosphere is the definitive forma- 
tion of the veluirVy a process especially characteristic of the 
Gasteropoda and Pelecypoda, but apparently not occurring in the 
great majority of land Pulmonata. 

The circlet of cilia becomes pushed more and more towards 



Fia. 44. — Veligers of Denttdium enlalis L.: A, longitudinal section of a larva 14 hours 
old, X 285 ; B, larva of 37 honrii, x 165 ; C, longitudinal section of larva of 34 
hours, X 165 ; vi, mouth ; v v, velum. (After Kowalewsky). 


the anterior portion of the embryo, the cilia themselves become 
longer, while the portion of the body from which they spring 
Incomes elevated into a ridge or ring, which, as a rule, develops 
on each side a more or less pronounced lobe. The name vdum 
is applied to this entire process of ciliated ring and lobes, and 
to the area which they enclose. 

In .this so-called vdiger stage, the velum serves, in the first 
place, to cause rotation of the larva within the egg-capsules, and, 
after hatching, as an organ of locomotion. As a rule, the velum 
disappears entirely in the adult mollusc afto the free-swimming 
stage is over, .but in tihe ci^mon Zimnostt it persists, 

losing ito cilia, as the very prominent' circum-cral lobes. Simub- 
taneoudy ^th' the developmepi of the. velum, and in some cases 
(sarli^, appear the rudiments of the shell-ghind and of .the foot. 
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the latter being situated on the ventral side, between the mouth 
and anus, the former on the dorsal side, behind the velum, and 
above the surface of the eventual visceral sac. Thus the prime 
characteristics of the veliger stage, subsequent to the appearance 



Pia. 45. — Veliger of Patella rndgata 
L., 130 hours old:/, rudimentary 
foot ; opf operculum ; shell ; 
t», V, velum. (After Patten, highly 
mnguitied.) 



Fig. 46. — Developed larva of Cgclas cornea L. : 
rudimentary branchiae ; byssus ; /, 
foot ; mantle edge ; sA, shell. (After 
Ziegler, highly maguihtMl.) 


of the velum itself, are the development of the visceral sac and 
shell -gland on the upper, and of the foot on tho under side. 
According to Lankester the primitive shell-gland does not, as a 



Fig. 47. — A, Advanced 
veliger of Dreiaaensia : 
/, foot ; w, mouth ; M, 
shell; v,r, velum. (After 
Korschelt and Heider, 
much enlarged.) B, 
Veliger of a Pteropod 
( Tiedemannia ) : op^ oper- 
culum ; ahy shell ; r, 
velum. (After Krohn, 
much enlarged). 


rule, directly give rise to the shell of the adult mollusc, but 
becomes filled up by a homy substance, and eventually disappears j 
the permanent shell then forms over the surface of the visceral 
hump from the original centre of the shell-gland. It is only in 
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Chitoriy and possibly in Limax, that the primitive shell-sac is 
retained and developed into the final shell-forming area, which 
is much wider, and extends to the edges of the mantle. Within 
the velar area first appear the rudiments of the tentacles and eyes ; 
when these become developed the velum atrophies and disappears. 

Several of these veligers when captured in the open sea have 
been mistaken for perfect forms, and have been described as such. 
Thus the larva of Dolium has been described as Macgillivrayia, 
tliat of a Purpura as Chelotropis and Sinusigera, that of 
Aporrhais pcs pelecani as Chiropteron, that of Marsenia conspicua 
«is Brownia, Bchinosjfira, and Calcarella, 

Cepihalopoda. — The embryonic development of the Cephalopoda 
is entirely distinct from that of all otlier Mollnsca. The 
segmentation of the vitellus 
is partial, and the embryo is 
furnished with a vitelline 
sac, which is very large in 
the majority of cases (Fig. 

48). There is no free- 
swimming stage, but the 
embryo emerges from the 
egg fully developed. 

Differences of Sex. — In 
the Mollnsca there are two 
main types of sexual differ- j^xo. 
ence : (i) sexes separate (dioe- 
cious type), (ii) sexes united 
in the same individual (her- 
maphrodite type). 

In some crises — e,g, certain Pelecypoda — what is practicifilly 
a third type occurs. The animal is hermaphrodite, but the male 
and female elements are not developed simultaneously, i,e. the 
same individual is at one time female, at another male. 

1. The sexes are separate in 
All Cephalopoda, 

Gasteropoda Amphineura (except Neomeniidae). 
Gasteropoda Prosohranchiata (except Vcdvata and some 
species of Marsenia), 

Scaphopoda, 

Many Pelecypoda. 



— Two stages in the development of 
Ldigo vulgaris Jism. ; aj, ai, first, and a>it 
second pairs of arms ; br, branchiae, seen 
through m, mantle ; e, e, eyes ; Ji, (ins ; 
funnel; v,s, vitelline sac. (After Kowal- 
ewsky.) 
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2. The sexes are united in 

Gasteropoda Opisthohranchiata. 

Gasteropoda Pidmonata. 

Certain Pdecypoda?- 

In the dioecious MoUusca, sexual union is the rule, but is by 
no means imiversaL In some instances, — e.g. Vermetus, Magilus, 
Patella, Haliotis, Crepidula, Chiton, the Scaphopoda — the form 
and habits of the animal do not admit of it ; in others (many 
Trochns) a male copulative organ is wanting. When this is the 
case, the male scatters the spermatozoa freely ; the majority must 
perish, but some will be carried by currents in the direction of the 
female. 

When the sexes are separate, the female is frequently larger 
than the male. This is markedly the case in Littorina, Bwceinum,, 
and all the Cephalopoda ; in Argonauta the difference is extreme, 
the male not -being more than ^ the size of the female. 

Those hermaphrodite Mollusca which are capable of sexual 
union (Gasteropoda, Pulmonata and Opisthobranchiata) arc con- 
veniently divided into two sections, according as (1) there are 
separate orifices for the male and female organs, or (2) one orifice 
serves for both. To'the former section (JDigoTwpora *) belong the 
Limnaeidae, Yaginulidae, and Onchidiidae, and many Opistho- 
branchiata, including all the Fteropoda; to' the latter (Mono- 
gonopora nearly all the Nudibranchiate Opisthobranchiata, and 
all the rest of the Pulmonata. In the latter case during union, 
mutual impregnation takes place, and each of the two individuals 
concerned has been observed (compare p. 42) to deposit eggs. In 
fthe former, however, no such reciprocal act can take place, but 
the same individual can play the part of male to one and female 
to another, and we sometimes find a string of Limnaea thus 
united, each being at once male and female to its two adjacent 
neighbours. 

The Reproductive System. — Broadly speaking, the compli- 
cated arrangements which are found in Mollusca resolve themselves 
into modifications of three important factors : — 

(a) The gonads or germ-glands, in which are developed the 

* Hermaphroditism seems to occur in (a) whole families, e,g. AwUinidae and the 
Sq^ibraneMa ; (ft) genera, e.g. Cyebu, Pisidium,; (c) sin^e species, e.g. in the 
generally dioecious genera OArea, Peeten, Cardium. 

’ Siv, two ; /tftrot, single ; y6i>ot, semen ; wftpot, passage. 
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ova and the spermatozoa. These glands are generally known as 
the ovary in the female, the sperm-gland or testis in the male. 

(h) The channels which provide for the passage of the seminal 
products ; namely, the oviduct in the female, the vcus deferens or 
sperm-duct in the male. 

{c) The external generative organs. 

Dioecious MoUuscai. — The common Liitorina ohtusata will 
serve as a typical instance of a dioecious prosobranchiate, exhibit- 
ing the simplest form of organs. In the female the ovary, a 
lobe-shaped body, is embedded in the liver. An oviduct with 



Fks. 49. — Generative and otlier organs Fia. 50. — Generative and other organs 

of Liitorina ohtusata L., female, of Litlorina ohtusata L., /nude, 

Af anus. M, muscle of A, nnns. Mi muscle of attach- 

Br, branchia. attacliment. Br, brancliia. ineiit. 

Buc, buccal mass. female orihee. H, heart. Pe. penis. 

H, heart. Od, oviduct. I, intestine. Te, testis. 

Hepi hepatic duct. Oes, oesophagus. Li, liver. VDf vas deferens. 

I, continuation of Oy, ovary. (After Souleyet.) 

oesophagus Ba, radula. 

KI, kidney. stomach. 

Li, liver,. U, uterus. 

(After Souleyet.) 

many convolutions conveys tlie ova into the uterus, an oblong 
chaml^er which consists simply of a dilatation of the oviduct. Tfie 
ova descend into the uterus, which is sometimes furnished with a 
seminal pouch. In this seminal pouch, or above it, in the oviduct, 
the ova come into contact with the spermatozoa. The lower part 
of the uterus secretes a gelatinous medimii (or capsule, as the case 
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may be) in which the fertilised ova become enclosed previous to 
exclusion. In position the oviduct abuts on the kidney, while the 
uterus is in close proximity to the rectum, and the female external 
orifice is found close to the anus, within the branchial cavity. 

The male organs of TAttorina are more simple. The testis is 
lodged, like the ovary, in the liver ; the deferens is, like the 
oviduct, convoluted, and eventually traverses the right side of the 
neck, emerging near the right tentacle, and terminating in the 
penis or external copulative organ (Fig. 60). 

This system prevails, with but slight modifications in detail, 
throughout the prosobranchiate Gasteropoda. The most important 
modification is the passage of the seminal products in certain cases 
(many of the Diotocardia) through the right kidney, with which 
the oviduct and vas deferens always stand in close relation. The 
same arrangement oecurs in the Scaphopoda and some Pelecypoda. 

The penis varies greatly in form and size. In the Strombidae 
(see Fig. 99) and Buccinidac (Fig. 62) it is very large and promi- 
nent; in lAUorina it is somewhat spinulose at one side; in 
Paludina a portion of it is lodged in the right tentacle, which 
becomes atrophied and much more obtuse than the tentacle on 
the left side. 

Spermatozoa. — The shape of the spermatozoa and of the 
ova in MoUusca is of the usual type. In Paludina, Ampvllaria, 
and certain species of Murex two types of spermatozoa occur, 
one hair-like, the other worm-like, three times as long as the 
former, and not tapering at one end. The former type alone 
take part in fertilisation, and penetrate the ovum. It has been 
suggested that these worm-lilra spermatozoa are a kind, of 
incipient ova, and indicate a possible stage in commencing 
hermaphroditism. And, since the nearest allies of the Proso- 
branchiata (in which these types occur) are hermaphrodite (i.e. 
the Opisthobranchiata and Pulmonata), it is not unreasonable to 
suppose that the Prosobranchiata should show some tendency 
towards hermaphroditism in their genital glands.^ 

Cephalopoda. — ^The special characteristic of the reproductive 
organs in female Cephalopoda is the development of various glands, 
some of considerable size, in connexion with the ovary and 
oviduct. Sepia, Loligo, and Sepiola axe furnished with two large 
nidamented glands, which open into the mantle cavity independ- 
^ Von Brunn, Arch, Mikr. Anat. xxiii. p. 413. 
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ently of the oviduct. Their purpose is to produce a viscid mucus, 
which envelops the ova at the moment of their emission and 
eventually hardens into the egg-capsulea A pair of accessory 
nidamental glands occur in Sepia, as well as a pair of smaller 
glands situated on the oviduct itself. 

In many of the male Cephalopoda the vas deferens is long 
and dilated at its outer end into a glandular reservoir, within 
which are formed the spermatophoi’es, or narrow cylindrical 
packets which contain a very large number of spermatozoa. 
When charged, the spermatophores pass into what is known as 
Needham’s sac, where they remain until re(iuired for use. 
These spermatophores are a very characteristic part of the 
reproductive arrangements in the Cephalopoda. The male of 
Sepia has been noticed to deposit them, during union, upon the 
buccal membrane of the female. During the emission of the ova 
by the female, the spermatophores, apparently through the 
agency of a kind of spring contained at one end, burst, and 
scatter the spermatozoa over the ova. 

The Hectocotylus Arm. — Perhaps the most remarkable 
feature in the sexual relations of all the Mollusca is the so- 
called hectocotylus of the Cephalopoda. In the great majority of 
the male Cephalopoda, one of the ‘ arms,’ which is modified for 
the purpose in various ways and to a greater or less extent, be- 
comes chfirged with spermatophores, and sometimes, during imion, 
becomes detached and remains within the mantle of the lemale, 
preserving for some considerable time its power of movement. 

The hectocotylus is confined to the dibranchiate Cephalopoda, 
and its typical form, i.e. when part of the arm becomes disengaged 
and left with the female, occurs only in three genera of the 
Octopodidae,viz. Argonauta, Ocythoe (Fhilonexis), and Tremoctopus. 
In all of these, the male is many sizes smaller than the female. 
In Argonauta the third arm on the left side bedbmes hectocoty- 
lised. At first it is entirely enveloped in a kind of cyst, in such 
a way that only a small portion of the tip projects ; subsequently 
the cyst parts asunder, and allows the arm to become expanded 
to its full length, which considerably exceeds that of the other 
arms. At a certain point the acetabula or suckers teminate, 
and the remainder of the arm consists of a very long, tapering, 
sometimes thread-like filament, which is pointed at the extreme 
tip. It is not yet known how the spermatophores find their way 
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into the hectocotylus, or how the hectocotylus impregnates the 
ova of the female. The arm thus affected is not always the 
same. In Tremoctopus it is the third of the right side, in the 
Decapoda the modification usually affects the fourth of the left. 

This singular property of the male Cephalopoda has only 
recently been satisfactorily explained. It is true that Aristotle, 
more than twenty-two centuries ago, distinctly stated that certain 



Pio. r»l . — Male of Ocyilwe iuherm- 
fafaRaf. ( = Philmiexis catenu- 
laitis, Fer. ), Mediterranean, 
showing three singes, A, B, 
and C, in the development of 
the hectocotylus arm: h,cy, 
hectocotylus still in the cyst ; 
c'y\ spoon-shaped cyst at the 
end of the arm when freed ; 
thf threa<l-like organ freeil by 
the rupture of c'y\ Natural 
size. From specimens in the 
British Museum. 


of the arms were modified for sexual purposes. Speaking of 
what he calls the polypus (which appears to represent the Octop-us 
vulgaris of the Mediterranean), he says: ‘It differs from the 
female in having what the fishermen call the white seximl organ 
on its arm ; ’ again, ‘ Some say that the male has something of a 
sexual nature {alZoi&hh rt) on one of its arms, that on which 
the Itogest suckers occur; that this is a kind of muscular 
appendage attached to the middle of the arm, and that it is 




V 


THE HECTOCOTYLUS ARM IN CEPHALOPODA 


139 


entirely introduced within the funnel of the female/ Unfor- 
tunately the word translated by introduced is corrupt, and can 
only be restored conjecturally. He again remarks, " The last of 
the arms, which tapers to a fine point and is the only whitish 
arm, it uses in sexual union/ ^ 

The typical hectocotylus seems to have entirely escaped 
notice until early in the present century, when both Delle Chiaje 
and Cuvier described it, as detected within the female, as a 
parasite^ the latter under the name of Hectocotylus octopodis 
Kolliker, in 1845-49, regarded the hectocotylus of Tremoctopus 
as the entire male animal, and went so far as to discern in it an 
intestine, heart, and reproductive system. It was not until 1851 
that the investigations of Vdrany and Filippi confirmed a 
suggestion of Dujardin,^ while H. Muller, in 1853, completed the 
discovery by describing the entire male of Argonauta. 

In all genera of dibranchiate Cephalopoda except Argonauta, 
OcythoCf and Tremoctopus, one of the arms is sexually modified in 
various ways, but never becomes so much prolonged, and is never 
detached and left with the female. In Loligo Forlesii Stp. the 
fourth arm on the left has 23 pairs of regularly developed aceta- 
bula, which then lessen in size and disappear, being replaced by 
long pedunculated papillae, of which there are about 40 pairs. 
In Loligo vulgaris Lam. and X. Pleii Orb. 18 or 19 pairs of 
acetabula are regularly formed, and then occur 40 pairs of papillae, 
as in Forhesii. In other species of Loligo (jjfahi Orb., Irevis Bl., 
hrasiliensis Orb.) only the outer row of suckers becomes modified 
into papillae after about the 20th to the 22nd pair. In, Sepio- 
teuthis sepioides the modification is the same as in the Loligo 
last mentioned, but the corresponding arm on the right side is so 
covered with acetabula towards its extreme end, that it is’ thought 
that it in some way co-operates with the hectocotylised left arm. 

In Octopus, the third arm on the right side is subject to 
modification. This arm is always shorter than the corresponding 
arm on the other side, and carries fewer suckers, but is furnished 
at the extreme tip with a peculiar kind of plate, which connects 
with the membrane at the base of the arm by a channel of skin, 
which probably conveys the spermatophores up to the tip. 

^ HiaU AninL v. 6 and 12, iv. 1, ed. Bekker, 1837. 

^ * On pourra constater si ce ne seraient pas des parties detaches de qnelque c4plia- 
lopode dans lo but de soryir k le fecondation,* Hist. Nat, ffclmintkes, 1845, p. 482. 
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Tn Octopus vulgariSy the species referred to by Aristotle, the 
hectocotylised arm is short, thin in its outer half and pointed at 
the extremity, while the fold of skin is very white, and gives 
the arm an appearance of being divided by a cleft at the side. 
At the same time, an unusual development of one or two suckers 
on tlie arm is not uncommon.^ 



Fio, 52 . — Octopiis lentna Baird, N. Atlantic, showing the pecniliar formation of the 
hectocotylus arm, h.a, (After Verrill, x J.) 

It is believed that in the Tetrabranchiate Cephalopoda 
{Nautilus) a union of the four inner ventral arms may correspond 
functionally to the hectocotylising of the arm in the Dibranchiates. 

Hermaphrodite Mollusca. — {a) Monogonopora, — The repro- 
ductive system in the hermaphrodite Mollusca is far more compli- 
cated than in the dioecious, from the union of the male and female 
organs in the same individual. As a type of the Monogonopora, 
in which a single orifice serves for both male and female organs, 
may be taken the common garden snail {Helix aspersa\ the 
accompanying figure of which is drawn from two specimens 
found in the act of union (Fig. 53). 

Beginning from the inside and proceeding outwards we have 
firatly the hermaphrodite gland or ovo-testis (H.G.), a yellowish 
white mass of irregular shape, embedded in the liver (l.) and 
forming part of its spiral but not reaching quite to the apex. 
Within this gland are developed the ova and spermatozoa. The 
former are rather large round cells, produced within the outer 
wall of the gland, while the spermatozoa, which are produced in 
the more central part, are threadlike bodies, generally aggre- 
gated in small bundles. From the hermaphrodite gland the ova 
' Steeiistrup, Ann. Mag. Nat. Hist. (2), xx, p. 81 f. 
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and spermatozoa pass through the upper part of the hermaphrodite 
dvjct (ii.D.)» which is always more or less convoluted. Below 
the convoluted portion, tlie duct opens into the albumen gland 
(A.G.), a large linguiforin mass of tissue which becomes dilated 
at the time of pairing, and secretes a thick viscid fluid which 
probably serves to envelop the ova. Up to this point both 
tlie male and female elements follow the same course, but 


Fio. r>3. — Genitalia of Helix aaperaa 
Miiller, drawn from two indivi* 
duals in the act of union, from a 
dissection by F. B. Stead. 

A. G, albumen gland. 

C, coecum. 

Cr, crop. 

D, S, dart sac. 

E, eye (retracted) 
pi, flngellurn. 

H.D, hermaphrodite duct. 

H.DF, ditto, female portion. 

H.DM, ditto, male j)ortioii. 

H.G, hermaphrodite gland. 

L, liver. 

M. a, M.G, mucous glands. 

Ov, oviduct. 

P.S, penis sac. 

B. M, retractor muscle of penis. 

Bp, sperniatheca. 

V, vagina. 

V.D. vas deferens. 


on their exit from the albumen gland they diverge. The herma- 
phrodite duct becomes greatly enlarged, and is pirtially divided 
by a kind of septum into a male and female portion. These run 
parallel to one another, the larger or female portion (H.nF.), 
through which the ova pass (and which is sometimes termed the 
uterus) being dilated into a number of puckered folds, while the 
smaller or male portion (h.um.) is comparatively narrow, and 
not dilated. At their anterior end, the two ][)ortiuns of the duct 
separate completely from one another',' the female portion being 
then termed the oviduct (ov.) and the male portion the vaa 
d^erens (V.D.). 
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Following first the oviduct, we find that it soon widens into 
the vagina (v.), which is furnished with a pair of mucous glands 
(m.O.)> one on each side. These are much branched, and re- 
semble little bunches of whitish sea-weed. A little above the 
mucous glands a long tube diverges from the vagina, which is 
furnished with a produced coecum (c.) and a pouch, the spermatheea 
(sp.) at the extreme end. In this pouch, and in the duct leading 
to it, is stored the spermatophore received in union with another 
snail Just below the mucous glands the vagina is joined by the 
dart 800 (d.s.), which is more fully described below. Finally, at 
its lower end the vagina unites with the penis sac at a point just 
posterior to the common orifice. 

Beturning now to the male organs, we find that the vas 
deferens is the continuation of the male portion of the herma- 
phrodite duct, after its final separation &om the female portion. 
It passes under the retractor muscle of the upper right tentacle, 
which has been cut away in the specimen figured, to dissect 
it out. Just before the vas deferens widens into the penis sac, 
it branches off into a long and tapering tube, the flagellum, in 
which the spermatozoa are stored and become massed together 
in the long packet known as the spermatophore. The penis sac 
(p.s.) is the continuation of the vas deferens beyond the point at 
which the flagellum diverges. It joins the vagina at its extreme 
anterior end, uniting with it to form the common genital aperture, 
which cannot be exactly represented in the figiue. The penis 
itself lies in the interior of the penis sac, and is a rather long 
muscular tube •'which is protruded during union, but at other 
times remains retracted within the sac. 

In the Helicidae generally, the form of the generative organs 
varies with each separate species, sometimes merely as regards 
the size of the diflbrent parts, at others in the direction of greater 
simplicity or complication. The mucous glands may be absent, 
and the flagellum greatly reduced in size, or absent altogether. 

The Dart Sac. — A remarkable part of the reproductive 
system in many of the true Helicidae is the so-called dart, Liehes- 
pfeiX, or tdum veneris. It consists of ‘ a straight, or curved, some- 
times slightly twisted tubular shaft of carbonate of lime, tapering 
to a fine point above, and enlarging gradually, more often some- 
what abruptly, to the base.’ The sides of the shaft ar^ sometimes 
furnished with two or more blades ; these are apparently not for 
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cutting purposes, but simply to brace the stem. The dart is 
coutained in a dart sac, vrhich is attached as a sort of pocket 
to the vagina, at no great dis- 
tance from its orifice. There are / jf JL 

four different forms of sac. It / M yffl 

may be single or double, and each j. Ml T lil 

of tliese divisions may be bilobed, J fflj W ^ 

each lobe containing one dart at ^ illr^^ If 0 

a time. In jSeiix aspersa tho ^ ^ A @ 

dart is about in. in length, a 8 c 


and in. in breadth at its base 


Fig. 54. — Darts of British land snails: 
(see Fig. 54). A llyalinixi excavata Bean ; B, Udix 

T4- hortensis Miill. ; 0, Helix cLspersa 

It appears most probable that Ashfoni.) 

the dart is employed as an ad- 
junct to the sexual act. liesides the fact of the position of 
the dart s<ic anatomically, we find that the darts are extruded 
and become embedded in the flesh just before or diu’iug the act 
of copulation. It may be regarded, then, as an organ whose 
punctures induce excitement preparatory to sexual union. It 
only occurs in well-grown specimens. When once it begins to 
form, it grows very rapidly, perhaps not more than a week being 
required for its entire formation. 

The dart is almost confined to Helicidae, a certain number 
of exceptions being known which border on Helix, Hyalinia 
nitida and excavata are the only British species, not Helices, 
which are known to possess it. It has not been noticed to 
occur in the slugs, except in the N. American genus Tehermo- 
phorus. About one-thii'd of the British Helices are destitute of 
the dart.^ H, rufescem possesses a double bilobed sac, but only 
two darts, which lie in the lower lobes. It does not use the 
darts, and could not do so, from the relative sizes of dart and 
sac ; it has often been watched when uniting, but the use of the 
darts has . never been observed. From this it has been inferred 


that the darts are degenerate weapons of defence, and that they 
were in fact at one time much stronger organs and more often 
used.* This theory, however, does not seem consistent with the 
whole circumstances of the occurrence, position, and present use 
of the darts. 


W). Ashford, J<mm. of Conch. iiL p. 239, !▼. pp. 69, 108. 
3 W. E' Collinge, Zoologist, 1890, p. 276. 
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Hermaphrodite MoUusca. — (b) Digonopora , — As an example 
of the Digonopora or hermaphrodite Mollusca with separate 
generative apertures for the male and female organs, we may 
take the common Limnaea stagnalis (Fig. 55). It will be seen 
from the figure that the relative positions of the hermaphrodite 
gland and duct, and of the albumen gland, are the same as in 
Helix, When the oviduct parts company from the vas deferens, 
it becomes furnished with several accessory glands, one of which 
(G1.E.) probably serves as a reservoir for the ova, and answers 
more or less to a uterus. The tube leading to the siiermatheca 



Fig. 55. — Genitalia of Limnaea Htagnalis 
It, (from a dissection by F. B. Stead), 
x2. 

A. G, albumen gland. 

Ac.G, accessory gland. 

F.O, female orifice. 

OLE, glandular enlargement. 

H.D, hermaphrodite duct. 

H.Q, hernia 2 >hrodite gland. 

Li, liver. 

M.O, male orifice. 

P, penis sac. 
prostate. 

B. M, retractor muscle of l^eu\s, 

Bp^ sperm atlieca. 

V.D, vas deferens. 


is short, and there is no divergent ooecum. The female orifice 
lies near to the external opening of the branchial cavity. The 
vas deferens, which is very long, is furnished with a large prostate 
gland. The penis sac is {(reatly dilated, and there is no flagellum. 
The male orifice is behind the right tentacle, dightly in advance 
of the female , orifice (compare Fig. 102). 

. Most of the Opisthobranehiata, but not all, have separate sexual 
orifices.^ Numerous variations from the type j\ist described will 
be found to occur, particularly in the diction of the develop- 
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meut of accessory glands, which are sometimes very large, and 
whose precise purpose has in many cases not been satisfactorily 
determined. 

Pdeeypoda. — In the dioecious Felecypoda, which form the 
great majority, the reproductive system is simple, and closely 
parallel in both sexea It consists of a pair of gonads, which 
are either ovaries or testes, and a pair of oviducts or sperm- 
ducts which lead to a genital aperture. The gonads are usually 
placed ^mmetricaUy at the sides or base of the visceral mass. 
The oviduct is short, and the genital aperture is usually within 
the branchial chamber, thus securing the fertilisation of the ova 
by the spermatozoa, which are carried into the branchial chamber 
with the water which passes through the afferent siphon. 

Hermaphrodite Felecypoda are rare, the sexes being usually 
separate. The following are assured instances: Pecten glaher, 
P. jaeohaeus, P. maxim/us, Ostrea edulis, Cardium norvegicum, 
Pisidium pusillum, Cyclaa cornea, Pandora rostrata. Aspergillum 
dichotomum, and perhaps Clavagdla. The greater number of 
these have only a single genital gland (gonad) on each side, 
with a single efferent duct from each, but part of the gland is 
male and part female, e.g. in the Fectens above mentioned. 
Pdndora and Aspergillum have two distinct glands, req)ectively 
male and female, on each side, each of the two glands possessing 
its separate duct, and the two ducts &om each side eventually 
opening near one another. It appears probable that the Septi- 
hranchiata (JJuapidaria, Poromya, I^onsiella, etc.) must also be 
added to the number of hermaphrodite Felecypoda which have 
separate male and female glands. 

/t is worthy of remark that all the hermaphrodite Felecypoda 
belong to forms . decidedly specialised, while forms distinctly 
primitive, such as Nuouda, Solenomya, Area, and Trigonia are all 
dioecious. In Gkisteropoda similarly, the least specialised forms 
(the Amphinenra, with the exception of the Neomeniidae, and 
the JShipidoglossa) are dioecious. It is possible therefore that 
in the ancestors of the MoUusca the separation of the sexes had 
already become the normal type of thipgs, and that hermaphro- 
ditism in the group is, to a certain extent, a sign or accompani- 
ment of qteciaUsation.^ 

Devdiopiiient of Tresh-water Bivalres. — ^The vast majority 

^ Ftolseneer, CampUs lUndiu, cz. p. 1081. 
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of fresh -water bivalves ‘either pass the larval stage entirely 
within the mother, and db not quit her except in a perfectly 
developed form {Cyclas, Pisidium), or assume a mode of develop- 
ment in which free larvae indeed occur, but axe specially modified 
for adaptation to special circumstances (?7m'o). Cyclas and 
Pisidium, and no doubt all the kindred genera, preserve their ova 
in a sort of brood-pouch within the gills, in which the -ova pass 
the earlier stages of their development. But, even so, the larva 
of these genera retains some traces of its original free-swimming 
habits, for a rudimentary velum, which is quite useless for its 
present form of development, has been detected in Cyclas. 

The larva of Dreissensia (see Fig. 47, A), so far as is at present 
known, stands alone among fresh-water bivalves in being free- 
swimming, and to this property has been attributed, no doubt 
with perfect justfije, the fact of the extraordinarily rapid spread 
of Dreissensia over the continent of Emrope (chap. xvi.). In 
expelling the ova, the parent slightly opens the shells and then 
quickly closes them, shooting out a small point of white shine, 
which is in fact a httle ball of egga The general coiu’se of 
development is precisely parallel to that of marine Pdecypoda, 
greatly resembUng, so far as form is concerned, certain stages in 
the growth of the larvae of Modiolaria and Cardium, as figured 
by Lovbn.^ 

In June and July the larvae appear in large numbers on the 
surface of the water, when in spite of tlieir exceedingly small 
size, they can be captured with a fine hand-net. They pa&s 
about eight days on the surface, feeding apparently . on minute 
floating algae. During this time, the principal change they 
undergo is in the formation of the foot, which first appears as 
a small prominence midway between the mouth and anus, and 
gradually increases in length and flexibility. When the larva 
sinks to the bottom, the velum soon disappears entirely, the foot 
becomes exceedingly long and narrow, while the shell is circular, 
strongly resembling a very young Cyclas. 

Larvae of Unionidae. — The early stages of the development 
of Unio and AnodorUa (so far as the species of North America, 
Eiuope, and Asia are concerned) is of extreme interest, from 
the remarkable fact that the yoimg live for some time para- 
sitically attached to certain species of fresh-water fishes. In 
1 Km. Vet. Akad. Handl. 1848, pp. 329-435. 
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ordt^r to secure this attachment, the larva, which is generally 
known as Glochidiimy develops a long filanient which jx^rhaps 
renders it aware of the neighlx)urhood of a fish, and also a 
larval shell furnished with strong hooks by which it fastens 
itself to the body of its unconscious host (Fig. 56). According 
to some interesting observations made by Mr. 0. H. Twitter, ‘ 
the ova pass into the external gill of the mother, in which is 
secreted a nutritive mucus on which they are sustained until they 
arrive at maturity and a suitable opportunity occurs for their 
‘being born.* If this opportunity is deferred, and the Glochidm 
mature, their so-called ‘byssus’ l^ecomes developed, and by being 




Fia. 56. — A. GlnchUlimn immediately after it is hatclied : nrf, adductor muscle; hy, 
* byssus ’ cord ; s, sense organs ; sh, shell. B. Glochviinm after it has been on the 
fish for some weeks ; a.wf, anterior and posterior adductors ; alimentary 

canal ; auditory vesicle ; branchiae ; /, foot ; mantle. (Balfour.) 


entangled in the gill filaments of tlie parent, prevents tlieir 
escaping. It is interesting to notice that, when tlie nutritive 
mucus of the parent is used up, it liecomes, as it were, the 
turn of the children to jirovide for themselves a secondary’ mode 
of attachment. 

The mother Anorlonta does not always retain the Glochidium 
until fish are in her neighbomdiood. Gentle stirring of tlie 
water caused them to emit Glochidvum in large masses, if the 
movement was not so violent as to cause alarm. The long slimy 
masses of Glochidium were observed to drawn back again within 
the shell of the mother, even after they had been ejected to a 
distance of 2 or 3 inches. 

It is a mistake to assert that the young Glochidium can swim. 
When they finally quit the mother, they sink to the bottolft, 

* P. Z. H, 1891, p. 52 f. 
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and there remain resting on their dorsal side, with the valves 
gaping upwards and the so-called byssus streaming up into 
the water above them. There they remain, until a convenient 
‘host’ comes within reach, and if no ‘host’ comes within a 
certain time, they perish. 'They are evidently peculiarly sensitive 
to the presence of fish, but whether they perceive them by smell 
or some other sense is unknown. “ The tail of a recently killed 
stickleback thrust into a watch-glass containing Glochidiwn throws 
them all into the wildest agitation for a few seconds ; the valves 
arc violently closed and again opened with astonishing rapidity 
for 15—25 seconds, and then the animals appear exhausted and 
lie placid with widely gaping shells — ^unless they chance to have 
closed upon any object in' the water (e.g. another Olochidium), in 
which case the valves remain firmly closed.” 

, In about four weeks after the Glochidium has quitted its 
host, and the permanent shell has ’made its appearance within 
the two valves of the Glochidium, the projecting teeth of the 
latter press upon the ventral edge of the permanent shell, at a 
point about half way in its lengthward measurement, retarding 
the growth of the shell at that particular point, and indenting 
its otherwise uninterrupted curve with an irregular notch or dent. 
As growth proceeds, this dent becomes less and less perceptible 
on the ventral margin of the shell itself, but its effects may 
be detected, in well-preserved specimens, by the wavy turn in the 
lines of growth, especially near the umbones of the young shell. 

Mr. Latter found that all species of fish with which he 
experimented had a strong dislike to Glochidium as an article 
of food. Sometimes a fish would taste it "just to try,” but 
invariably spit it out again in a very decided manner. The cause 
of unpleasantness seemed not to be the irritation produced in 
the mouth of the fish by the attempt of the Glochidium to attach 
itself, but was more probably due to what the fish considered a 
nasty taste or odour in the object of his attentiona 


The following works will be found useful for further study of 
this portion of the subject : — 

F. M. Balfour, Comparative Embryology, vol. i. pp. 186-241. 

F. BLoelmuulll, Ueber die Entwiekelang von Neritina flnviatilis Mull. ; Zeit. 
wiag. Zool. xxxvi. (1881), pp. 126-174. 
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CHAPTER VI 

RESPIRATION AND CIRCULATION THE MANTLE 

The principle of respiration is the same in the Molliisca as in 
«t11 other animals. The blood is purified by being brought, in 
successive instalments, into contact with pure air or pure water, 
the effect of which is to expel the carbonic acid produced by 
animal combustion, and to take up fresh supplies of oxygen. 
Whether the medium in which a mollusc lives he water or 
air, the effect of the respiratory action is practically the 
same. 

Broadly speaking, MoUusca whose usual habitat is the water 
‘ breathe * water, while those whose usual habitat is tlie land 
‘breathe’ air. But this rule has its exceptions on both sides. 
The great majority of the fresh-water MoUusca which are not 
provided with an operculum (e.g. I/imnaea, Physa, Planorhis), 
breathe air, in spite of living in the water. They make periodic 
visits to the surface, and take down a bubble of air, returning 
again for another when it is exhausted. On the other hand 
many marine MoUusca which live between tide-marks (e.g. Patella, 
FAttorina, Purpura, many species of Ceritliium, Planaxis, and 
Xerita) are left out of the water, through the bi-diurnal recess 
of the tide, for many hours together. Such species invariably 
retain sevcrjil drops of water in their branchiae, and, aided by 
the moisture of the air, contrive to support Ufe until the water 
returns to them. Some species of TAttorina {e.g. our own L. rudis 
and many tropi(*al species) live so near high-water mark that at 
neap-tides it must frequently happen that they are untouched 
by the sea for several weeks together, wliilc they are frequently 
exposed to a burning sun, which beats upon the rocks to which 
they cling. In this case it appears that the respiratory organs 
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will perform their fanctiond if they can manage to retain an 
extremely small amount of moisture.^. 

The important part which the respiratory organs play in the 
economy of the Mollusca may be judged from the fact that the 
primary subdivision of the Cephalopoda iiito Dibrancliiata and 
Tetrabranchiata is based upon the number of branchiae they 
possess. Further, the three great divisions of the Gasteropoda 
liave been named from the position or character of the breathing 
apparatus, viz. J*rosobranchiata, Opisthobranchiata and Pulmonata, 
while the name Pclecypoda has hardly yet dispossessed Lamelli- 
hranchiata, the more familiar name of the bivalves. 

Respiration may be conducted by means of — (a) Branchiae or 
dills, (b) a Lung or Lung cavity, (c) the outer skin. 

Tn the I’cleiiypoda, Cephalopoda, Scaphopoda, and the great 
majority of the Gasteropoda, respiration is by means of branchiae, 
also known as when they represent the primitive Mol- 

luscaii gill and are not ^secondary’ branchiae (pp. 166, 159). 

Tn nil nou-operculate land and frosh-water Mollusca, in the 
Aiiriculidac, and in one aberrant operculate {AmphihoUi), respira- 
tion is conducted by means of a lung-cavity, or rarely by a true 
lung, wlience the name FiUmonata, The land operculatcs 
(Cycdophoridae, Oyclostoniatidae, Aciculidae, and Helicinidae) also 
Ijreathe air, but are not classilied as Pulmonata, since other points 
in their organisation relate them more closely to the marine 
Ih’osobranchiata. Both methods of respiration are united in 
Ampullariay which breathes indifferently air through a long 
siphon which it can elevate above the surface of the water, and 
water through a branchia (see p. 158). Siphonaria (Fig. 57) is 
also furnished with a lung-cavity as well as a braiudiia. . Both 
these genera may be regarded as in process of change from an 
aqueous to a terrestrial life, and in Siphonaria the branchia is to 
a great extent atrophied, since the animal is out of the water, on 
the average, twenty two liours out of the twenty-four. In the allied 
genus Gaclinia, where there is no trace of a branchia, but only a 

^ Tlie result of some experiments by Professor Herdmaii upon LiUoriiia rudis^ 
tends to show that it can live much better in air than in water, and goes far to support 
the view that the species may be undergoing, as we know many species must have under- 
gone (see p. 20), u transition from a marine to a terrestrial life. It was found that 
marked specimens nimn the rocks did not move their position for thirty-one successive 
days (i’/w. Liverp, BioL Soc. iv. 1890, p. 50). 

* Diminutive of ictcIj, a comb. 



rp:spiratton bv the skin 


lung-wivity, Mini in Ceritkidea ohtnsa, wliicli has m piilmonaiy 




Fk;. ij7. — A, Siphonaria ghjas, 
Sowlj., P.itiaiiiii, the animal 
contractcil in spirit : ///•, 
siphoiial groove on riglit 
sitle. B, Oadinia 
rinva, So\vl>., Chili, shell 
only: ///•, inarkol'siphonal 
groove to right of head. 






iirc^anisMtioii exactly analogous to that of Cyrlophorm} tliis 
piocess may l)e regarded as prjw'tically completed. 

llespiratioii by means of the skin, witliont tlie development 

of any special organ, is the 
^ ^ simplest method of breathing 

which octnirs in tlie Mollusca. 
v// certain cases, o.g. Mysitty Li- 

mapontia, and Cenia among tht^ 
Nudibranchs, and tlie parasitic 
" Lhitoconclia and Etifocolax, none 

of which possess lireatliing organs 
pHQpj of any kind, the wliole c)uter 

\ surface of the body appears to 

S lierforin respiratory runetions. In 

others, the dorsal surface is cov- 
ored with papillae of varied size, 
and nuiuber, which communicate 
with the heart by an elaborate 
system of veins. This is the case 
witli tlie gi'eater number of the 
Aeolidid(w(F\g. 58, compare Fig. 
5, C), but it is curious that when 
the animal is entirely deprived of 
^ these papillae, respiration appears 

coMto. (After AWer and Hiiniock.) to be carried ou Without inter- 

ruptioii through the skin. 

In the <levclopment of a. distinct breathing organ, it would 
.seem as if progre.ss had Ijeeii made along two definite lines, each 
^ Stoliczka, fpiotcd in Joimi. de Co}icJi, xviii. p, 452. 






Fio. 58. — Aei^is despccta Jolin.si., British 
coasts. (After Alder and Hancock. ) 
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resulting in the exposure of ii lurger length of A’eins, i.r. a 
larger amount of blood, to the simultaneous o|>eratioii of i'resli 
air or fresh water. Either (//) the skin itself may liave cleveloptMl, 
at more or less regular intervals, elevations, or Iblds, wliieh grailually 
took the form of papillae, or else (&) an inward folding, or ‘ in- 
vagination,’ of the skin, or sueh a modiiication of tin' niantle- 
tbld Jis is descril)ed l)elow (p. 172) may liavt* taken place, 
resulting in the formation of a euvitv more or li^ss sm’i*onnd(*d 
by walls, within which the breathing organs were ultimaU‘ly 
<leveloped. Sometimes a combination of l)oth proctvsses scmmus to 
have occuri’ed, and after a jjapilliform organ lais Immmi ]iroduced, 
an extension or ])rohingation of the. skin lias taki*n ]dace, in 
order to allbrd a protection to it. IJespiratiou liy m(*ans of a 
lung-cavity is certainly subsequent, in point of time, to I’csj lira ti oil 
by means of branchiae*. 

The branchiae seem to have been tiriginally jiaired, and 
arranged symmetrically on opposite sides of the. body. It is not 
easy to decide whether the multiple form of bianchia which 
occurs in Chiton (Fig. oO), or the simple form as in 

M 


Flo. 00. — FiftsureUa i^re^centt Sow!)., 
Ptiuaiiia, showing i)Osition of tin* 
Fir,. 50. - Chiton sq^tamoms L., Bermuda : 1 irancliiae : Br, hrancliiae ; E, E, eyes ; 

A, anus ; Br, branchiae ; M, mouth. F, foot ; M, iiiantle ; T, T, tentacles. 

(Fig. GO), is the more primitive. Some authorities hold that 
the multiple liranchia has gradually coalesced into the simjde, 
others that the simple form has grown, hy se]*ial repetition, 
into the multiple. There appears to lie no trace of any inter- 
mediate forms, and, as a matter of fact, the multiple branchia is 
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Ibuiid only in the Amphimura, while one or rarely two (never 
more) pairs of branchiae, occur, with various important modi- 
fications, in the vast majority of tlie Mollusca. 

Amphi )irnra. — In Chiton the branchiae are external, forming 
a lon<j row of short plumes, placed symmetrically each side 

i>f the foot. The number of ])lumes, at the l)ase of each of whicli 
lies an os]>hradial patch, varies from about 70 to as few as 
(] or 7. AVhen tlie plumes are few, they arc confined to tlui 
})osterior end, and thus a.pproximate to the form and position of 
the branchiae in the other Amphinenra. In Chaetodermif , the 
branchiae consist of two small feather - shaped bodies, jdaced 
symmetrically on either side of the anus, whicli opens into a sort 
of cloaca within which the branchiae are situated. In Xeomejiia 
the branchiae are still further degraded, consisting of a single 


A BCD 



K[U. Gl. — Tevininal rortioiis of the Ain]>hiiieiira, illustratinj? tlie (legrailation 

of the branchiae, and their grouping roniul the anus in that class. A, (Union 
i /lenn'urthrum) setalosus Carp., Torres Sir.; B, Chiton (Leptorhiton) htnithim Iladd., 
'rones Str.; C, Chnetodernm : D, Nwnieniii; a, anus; ///•, hr, iiranchiau ; k, k, 
kidneys ; y;, pcrioanliuin. (A and B after lladdon, C and D after Ilubretrht.) 

bunch of filaments lying within the cloaca, while in Froneoinenitt 
there is no more than a few irregular folds on the chiaca-wall 
(FiK. (il). 

In tlie Prosohranchiatdy symmetri(!ally paired branchiae occin 
oidy in the Kissurellidae, Haliotidae, and Ideurotomariidac, in tlu* 
former of which two perfectly e<pial branchiae are sitiiJited on 
either side of the liack of the neck. These three families taken 
tc»gether form the group known as ZyrptbrauMiUa} In all other 
families the asymmetry of the liody has probably caused one of 
the branchiae, the right (originally left), to become aliortcd, and 
consecpieiitly there is only one branehia, the left, in the vast 
majority of marine Prosobrancliiata, wliich have been accordingly 
^ ^*5701/, a yoke, from the symmetrical position of the branchiae. 
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grouped as Azygohram^hiata. Even in Hniiotis the right branch ia. 
is rather snialler tliaii tlie left, while tlie great size of tlie attach- 
ment mnsclc causes tlie wliole hrancliial c^ivity to become pushed 
over towards the left side. In- tliosi^ forms which in other respects 
most nearly approacli the Zygobraiichiata, nainely, the Trochidae, 
Xeritidae, and Turlaiiidae, the branchia has two rows of filaments, 
one on uicli side of the long axis, while in all other l^roso- 
lu'anchiala thei’e is but one row (see Fig. 71), ]>. 169). 

In the gn^at majority of marine Prosobraiicliiata the lirancliia 
is st‘cnrely concealed within a chamber or poucli (the respiratmy 
cavity), wliich is ]>laced on tliC left dorsid side f)f tlie animal, 
generally near the liack of the neck. For breathing purposes, 
watiu' has to be conveyed into tliis cliamber, and again ex])elled 
after it has passed over tlie branchia. In the majority of the 
vegetable- feeding molluscs (e.g. Lit- 
torhiff, Cvrithium, 'Trochns) water F Pr 

is carried into tht* chamber by a ^ 

simpli^ prolongation of one of the 7 \ 

lol»es or la|)i>ets of the mantle, and f / 

makes its exit by the same way, V 7 

the incoming and outgoing currents j 

being separated by a valve -like 1 ' 

fringe depeiitling from tlu* lobt*. \ 1 

In the carnivorous nadluscs, on the \ / 

other hand, a regular tulie, the \ / s 

Invnclt i(fl aqjho/i f which is more \ OP / 

or less closed, has been developed F-V' V ^ ' J 

from a fold of the niantk* surface, 
for the sp(H-ial ])urpose of con- V V 

.luetiug Wiltfl- to tlie lirauchia. 62. 

After performing its purpose then^ siiowiii^H>Kiiiciiiai siphon 8 ; F,F,F, 
the .spent water doe.s not return 

through . the siphon, but is con- (After Quoy and Gaimanl.) 
ducted towards the anus by vibra- 

tile cilia situated on the branchim themselves. In a large 
number of cases, this siphon is protected tlirougliout its eiitiri^ 
length hy a special prolongation of the shell calle<l the mnaL 
^!?ometimes, as in Bucemum and Purimra, this canal is little more 
than a mere notch in tlie "mouth’ of the shell, hut in many of 
the Aluricidae (e.g. M. haAistellum, tenuisjnna, trihul/Ka) the canal 


showiiiiu l)Kincliial »il>l*oii 8; F,F, F, 
foot ; OP, opcrcuhiiii ; P, jieiiis ; 
Pr, i»i‘obosciH ; T, T, ttMitju U*s. 
(After Quoy and Gaiinanl.) 
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becomes several inches long, and is set with formidable spines 
(see Fig. 164, p. 256). In Bolium and Cassis the canal is very 
short, but the siphon is very long, and is reflected back over the 
shell 

The presence or absence of this siphonal notch or canal forms 
a fairly accurate indication of the carnivorous or vegetarian 
tendencies of most marine Prosobranchiata, which have been, on 
this basis, subdivided into Siphonostomata and Ifolosfomata. But 
this classification is of no particular value, and is seriously 
weakened by the fact that Natiea, which is markedly ‘holo- 
stomatous,' is very carnivorous, while C&nthium, which has a 
distinct siphonal notch, is of vegetarian tendencies. 

In the Zygobranchiata the water, after having aerated the 
blood in the branchiae, usually escapes by a special hole or holes 
in the shell, situated either at the apex (Fissurella) or along the 
side of the last whorl (Haliotis). In Fleurotomaria the slit 
answers a similar purpose, serving as a sluice for the ejection of 
the spent water, and thus preventing the inward current from 
becoming polluted before it reaches the branchiae (see Fig. 
179, p. 266). 

In Paiella the breathing arrangements are very remarkable. 
In spite of their apparent external similarity, this genus possesses 
no such symmetrically paired plume-shaped branchiae as Fis- 
surella, but we notice a circlet of gill-lamellae, which extends 
completely roimd the edge of the mantle. It has been shown by 
various authorities that these lamellae are in no sense morpho- 
logically related to the paired branchiae in other MoUusca, but 
only correspond to them functionally. The typical paired 
branchiae, as has been shown by Spengel, exist in Paiella in a 
most rudimentary form, being reduced to a pair of minute yellow 
bodies on the right and left sides of the back of the ‘ neck.’ A 
precisely similar abortion of the true branchiae, and special 
development of a new organ to perform their work, is shown 
in Phyllidia and PUurophyllidia (see below under Opistlio- 
branchiata). This circlet of functional gills in Paiella has there- 
fore little systematic value, being only developed in an unusual 
position, like the eyes on the mantle in certain Pdeeypoda, to supply 
the place of the true organs which have fallen into disuse. Accord- 
ingly Cuvier’is class of CycldbranDhiata, which included Patella 
and Chiton, has no value, and has indeed long been discarded. 
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111 Chiton the gills never extend completely round tlie uiiimiil, 
but are always more or less interrupted at tlie head and anus. 
They are the true gills, tlie plumes being serially reiieated in the 
same way us the shell plates. 



Fig. 63. — Patella vulgata L., seen from the 
voutnil side : foot ; circlet of gill 

1.tiiiell.ac ; edge of the mantle ; 
attachment muscle ; d, slits in the same ; 
sh, shell ; % vessel carrying aerated blood 
to the heart ; vessel carrying blood from 
the heart ; re, small accessory vessels. 



Fig. « Patella vulgata L., seen from 
the dorsal siilo after the Temoval of the 
shell and the black ))jgmeiit covering 
the integument ; the anterior portion of 
the mantle is cut away or turned back : 
a, anus ; bi\ h'i% remains of the true 
brancliioe (ctenidiu) ; /, intestine ; A*, k\ 
kidneys ; k.ap, their apertures on eacli 
side of the anus ; /, liver ; 7 / 1 , mantle ; 
mu, attachment muscles, severed in re- 
moval of shell ; f, f, tentacles. 


Til the land rrosobrancliiata (Cyc|ostoiiiatidae, Cyelophoridae, 
Acieulidae, Helicinidae) which, liaving exchanged a marine for 
an aerial life, breathe air instead of water, tlie branebia' has 
completely disapjieared, and breathing is conducted, as in tlui 
Pulmonata, by a lung-cavity. In certain genera of land oper- 
dilates, e.g. Pupina, Cataulus, Pterocydus, a slight fissure or tube 
ill the last whorl (see Fig. 180, p. 266) serves to introduce air 
into the shell, which is perhaps otherwise closed to air by the oper- 
culum. In Avlopoma, which has no tulie, the operculum admits 
free circulation of air. In certain other Cyclostomatidae the apex 
is truncated, and air can enter there. De Fqlin closed with wax 
the aperture of CycL degetns, and found that on placing it in a 
pneumatic machine, the shell gave off air through its whole sur- 
face. On the other hand, Cylindrella and Stenogyra decollata, 
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on being submitted to the same test, showed that tlie tnineatecl 
part alone was permeable by air. 

Fis(jher and Bouvier have made some interesting observaticms 
on the breathing of a species of Ampullaria {insulnrHm Orb.). 
The species has, in common witli all Ampidlana, two siphons, 
but while the right siphon is but slightly developed, the left is 
^ very long, almost twice ius long as the 

\ y shell (see Fig. Go). The animal, when 

Nv 'I under the water, lengthens its siphon, 

// brings the orifice to the surface, and by 
if alteruatelyraising and depressing its head 
in 11 produces in the pulnionarysac movements 

y iL 11 of ex- and inspiration; these are repeattH.1 

^ \ II ubout ten or fifteen times at regular 

^ 55 =^^ /I S from six to eight seconds, 

//' ' a method of respiration strongly resein- 

t bling that of the Cetacea. At the same 

/W^ time, branchial respiration takes jdace. 

® /[^7 ^ If powdere<l c^trmine is added to water, 

the })articles are seen to enter the l)ran- 
a/f wi cliial (*4ivity jy the siphon and pass out 
water ; B, breathing air ; Si, by the short right siphon. Sometimes 
tlie animal remains umlei' water lor 
pansioii, performing the piirt hours without rising to the surface to 
"f'iS-iSS; iT In Fnlmto (Fig. 06) tin- 

brauchia is very large, and projects like 
a leaf or fan al)ove the shell on the left side ; on the correspoiul- 
ing position on the right side is a long filiform appendage, which 
some have regarded as representing the other branchia. 

Opisthobranchiata . — A true branchia occurs only in the Tecti- 
l)ranchiata and the Ascoglossa. It lies on the right side, and is 
usually more or less external, l)eing partly covered sometimes by 
the shell (as in Umbrella, Fig. 5), sometimes by a fold of the 
mantle. In the Pteropoda (which are probably derived from the 
Tectibranchiata), all the Thecosomata, with the excieption of 
Cavolinia, have no specialised branchia, but probably respire 
through portions or the whole of the integument. In the 
( rymnosomata an accessory branchia has in many cases been de- 
veloped at the posterior end of the body. Pmumodermon alone 
has both lateral and posterior branchiae well developed, Clione 
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aud Salopsyche are destitute of either, while the four remaiiiinjj 
families have one branchia, sometiiiies lateral, sometimes posterior.^ 
' Certain of the Nudibranchiata possess 
:no special breathing organs, and pro- 
bably resj)ire through tlie skin {Elysia, 

JAinapontia, Cenia, Phyllirrhoe), Tlie 
majority, however, liave developed sec- 
ondary branchiae, in the form of proini- 
nent lol)es or leaf-like processes (the 
cerata), which are caiTied upon the back, 
without any means of protection. These 

cerata are, as a rule, of extreme lieauty „ . . . . 

, . / n • . • . 66. — Valvata piscinalts 

and variety of form, consisting sometimes Miiil. ; branchia ; ju fiia- 

of long wliip-like tentaculae, in other 
cases of arborescent plumes of fern-like 

leafage, in others of curious Ijeud-like appendages of every imagin- 
able shape and colour. In Boris they lie at the posterior end of the 




anus ; 6r, branchiae, sur- Fig. 68. — Pleurophyllidia Hneata 

rounding the anus ; w, male Otto, Mediterranean : a, anus ; hr, 

organ ; rh, rh, rhiuophorcs. secondary branchiae ; m, nioiitli ; 

X 3. 8*0, sexual orifice. 

l)ody, in a sort of rosette, which is generally capable of retraction 
into a chamber. In Phyllidia and Pleurophyllidia these secondary 
branchiae lie, as in Patella, on the lateral portions of the mantle. 
^ Pelseneer, ' Challewjer* Beports, vol. xxiii. part. Ixvi. 
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The Scaphopodii in all probability possess neither true nor 
sec‘onclary l)ranehiae. 

Pidmonata . — AVheu we use the term ‘ lun^/ it must Ixi 
remembered that tliis organ in the Mollusca does not correspond^ 
morphohjgically, with the spongy, cellular lung of vertebrates; 
it simidy }.KuTorins the siime functions. The ‘ lung,’ in tlie 
Mollusca, is a poiicdi or cavity, lined with blood-vessels wliich 
are disposed over its vaulted surface in various ])atterns of 
network. The pulmonary sac or wivity is therefore a better 
name by which to denote this organ. 

It seems probabli», as has been already shown (pp. 18-22), 
tliat all l*ulmonata are ultimately derived from marine forms 
wliich laeathed water by means of branchiae. Thus we find inter- 
mediate forms, such as possessed of both a branchia 

and a pulmonary sac, the former being evanesc(mt, whill^ in 
(imJlnia and Amphibiihf it has cpiite disappeared. In the vast 



Frn. -CIpnvi oj rtf' nfi vh(n/hsns Allin., S. Trt*laii<l : P.0, pnliiioiiary orifici*. 


majority Pnlmonaia no trace ol’a branchia remains ; its function 
is performed liy a chamber, always situated at the right side, of 
the animal, and generally more or less anterioi’, admitting air by 
a narrow aperture which is rhythmically opened and closed. In 
Ar'nm and Geoinalacus (Fig. 69) this aperture is in the front of the 
right side of the ‘shield,’ in Limaj: (Fig. 71) in the hinder part, 
in TvMacella (Fig. 20) it is near the exti’emity of the tail, under 
the spire of the shell ; in Janella it is on the middle of the right 
lulge of the shield (Fig. 70). If a specimen of Helix aspersa, 
or better, of H pomatia, is held uj) to the light, the beautiful 
arborescent vessels, with which the upper part of the pulmonary 
chamlKU* is furnished, can be clearly seen by looking through the 
aperture as it dilates. It is only in the Auriculidae that an 
actual spongy mass of lung material apjjears to exist. When in 
motion, a Helix inspires air much more frequently than when 
at rest. Temperature, too, seems to affect the number of inspira- 
tions ; it appears doubtful whether, during hibernation, a snail 
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breathes at all. In any case, the amount of air required to 
sustain life must be small. 

With regard to the respiration of fresh- water Pulmonata there 
appears to be some difference of opinion. It is held, on the one 
hand, that tlie Limnacidae only respire air, making periodic visits 
to the surface to procure it, and that tliey perish, if prevented 
from doing so, by asphyxiation. If, we are told,^ as a TAmnaea 
is lloating on the surface of the water in a glass jar, a morsel of 
common salt be dropi)ed upon its outstretched foot, it will sink 



f’lG. 7Q.-—Janella hirudo YiQ.7l,—LiMaxmaximuslL..\ PO, pulmonary . 
Kisch., N. Caledonia: x g. 

O, geiienitive oritictJ ; P, 
pulmonary orifice ; T, T, 
tentacles. (Alter Fis- 
cher.) 

heavily to the bottom, emitting a stream of air from its pulmon- 
ary orifice. On recovering from tlie shock, it will anxiously 
endeavour to regain the surface, but will liave some difficulty 
in doing so, owing to its now mucli greater specific gravity. 
When it succeeds, it creeps almost out of the water, and exi)oses 
its respiratory orifice freely to the air. If the experiment is 
repeated several times on the same individual, it becomes so much 
weakened that it has to be taken out of the water to save its 

^ Zoologist^ xii. p. 4248. 
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life. Moquin-Tandon, on the other hand, is strongly of opinion ^ 
that there is no absolute necessity for Limnaea to obtain air by 
rising to the surface, and that, if prevented from emerging, it can 
obtain air from the water. When covered in by a roof of ice, 
Limnaea has not been observed to suffer any inconvenience. 
Moquin-Tandon kept L. glabra and Planorbis rotundatus in good 
health under 20 mm. of water for eighteen and nineteen days, 
and relates a case in which Physa was kept alive under water 
for four days, and Planorbis ioT twelve. Young specimens, both 
of Limnaea and Planorbis, do not rise to the surface for a supply 
of air ; they are hatched with the pulmonary cavity full of water. 

It is probable, therefore, that Limnaeidae are capable, on 
occasion, of respiration through the skin. Some authorities are 
of opinion that certain long and narrow lamellae, situated within 
the pulmonary sac, are employed for the pm’pose of aqueous 
respiration. Ancylns, which never makes periodic excursions to 
the surface, perhaps respires by receiving into its pulmonary 
chamber the minute quantities of oxygen given off" by the 
vegetation on which it feeds. 

Limnaeidae taken from a great depth of water, e.g. from 130 
fathoms in the lake of Geneva, have been examined by Forel.* 
The pulmonary sac is full of water, but there is no transfomjation 
of organs, no appearance of a branchia, to meet the changed cir- 
cumstances of their environment. Doubtless a good deal of 
respiration is done by the skin; being soft and vascular, 
it respires the air dissolved in the water. Forel cites cases 
of Limnaea living at much shallower depths, which come to 
the surface once, and then remain below for montha The 
oxygen of this supply must soon have become exhausted, and the 
animals, discontinuing for a time the use of the pulmonary 
chamber, must have respired through the skin. Shallow-water 
Limnaea, according to the same authority, remain beneath the sur- 
face during cold weather ; when warm weather returns they rise 
to the surface to take in a supply of air. Since the water at great 
depths is always very cold, there is no need for the Limnaea living 
there to rise to the surface at alL 

It is a curious fact that Limnaea, which have been respiring 
by the skin for the whole winter, should suddenly, on the first 
warm days of summer, take to rising to the surface and breathing 
^ Mollusqiies de Frawx^ i. p. 81. * iST. Deiik, Scfiw. Oes. xxix. (2) p, 196 f. 
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air. But exactly the same phenomenon is shown in the case of 
Limnma from great depths. Placed in an aquarium, they 
immediately begin rising to the surface and inspiring air; in 
other words, they experience instantaneously a complete trans- 
formation of their respiratory system. 

In Onehidium, a land pulmonate which has retrogressed to an 
amphibious or quasi-marine mode of life, there is no organ which 
represents the pulmonary or branchial cavity, the so-called lung 
being only a cavity of the kidney. Eespiration is, however, 
conducted by the skin as well, and by the dorsal papillae.^ 

I-and Mollusca can sustain, for a considerable time, complete 
deprivation of atmospheric air. Helices placed in an exhausted 
receiver show no signs of being inconvenienced for about 20 hours, 
and are able to survive for about two or three days. If detained 
under water, they are very active for about 6 hours, then become 
motionless, the body swells, owing to the water absorbed, and 
death ensues in about 36 hours. Immersion for only 24 hours 
is generally followed by recovery. In the latter case, the. cause 
of death is not so much deprivation of air as compulsory absorp- 
tion of water by the skin. The amount of water thus taken up 
is surprising. Spallanzani found that a Helix which weighed 18 
grammes increased in weight by 13^ grammes after a prolonged 
immersion. Even slugs enclosed in moist paper gained more 
than 2 grammes in the course of half an hour. Experiment has 
shown that the amount of carbonic acid gas produced by respira- 
tion stands in direct relation to the amount of food consumed. 
Four pairs of snails were taken which had recently awakened 
from their winter sleep and had eaten heartily, and an -equal 
number, under the same circumstances, which had been prevented 
from eating. It was found that the first four pairs produced, in 
consuming a given amount of oxygen, 11, 9, 10, and 13 parts 
respectively of carbonic acid, while the second set produced, in 
consuming the same amount of oxygen, only 4, 8, 7, and 9 parts 
of carbonic acid.^ Hibernating Helices, if weighed in December 
and again in April, will be found to have lost weight, due to the 
expiration of carbonic acid. Owing to the difficulty of experi- 
ment, opinions vary as to the absolute temperature of snails. It 
appears to be established that several snails, if placed together in 
a tube, raise the temperature one or two degrees C., but as a rule, 

^ Bergh, M(yr^h, Jahrh, x. p. 172. * P. Fischer, Joum. de Conch, ix. p. 101. 
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the temperature of a solitary Helix differs very slightly from that 
of the surrounding air. Increased activity, whether in respiration 
or feeding, is found to raise the temperature. 

W. H. Dali, writing of the branchia in Pelecypoda, remarks ^ 
that there can be no doubt that its original form was a simple 
pinched-up lamella or fold of the skin or mantle. This, elongated. 



Fig. 72. — Cardiuni 
cdvle L.: A, anal ; 
Bfhraiichial siphon ; 
F, foot. (After 
Mobius.) 


becomes a filament. Filaments united by suitable tissue, tnissed, 
propped, and stayed by a chitinous skeleton, result in the forms, 
wonderful in number and complexity, which puzzle the student 
to describe, much more to classify. 

In Pelecypoda the branchiae are placed on each side of the 
body, between the mantle and the visceral mass. They lie in a 





Fig. 73 . — ScroUcvlaria piperata Gmel., in its natural position in the sand: A, efferent 
or anal siphon ; B, afferent or branchial siphon. (After Mobius.) 

chamber known as the branchial cavity. Leading into this 
cavity, and behind it, are, as a rule, two tubes or siphons, one of 
which conducts water to the branchiae, while the other carries it 
away after it has passed over them. The lower is known as the 
branchial or afferent siphon, the upper as the anal or efferent 
siphon (see Figs. 72 and 73). The action of these siphons 
can readily be observed by placing a little carmine in water, 
^ Bull. M 718 . C. Z. Harv. xviii. p. 434. 
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near to the siphonal apertures of an Anodonta or Unio, In 
many cases (e.g. Psammobia, Tellina, Mya, genera which burrow 
deeply in sand) both the siphons are exceedingly long, sometimes 
considerably longer than the whole sliell. In some eases the two 
tubes are free throughout their entire length, in others they be- 
come fused together before their entrance within the shell (Fig. 
74). In other genera, which do not burrow (e.g. Ostrea, Pecten, 
Area, Mytilus), the siphons are rudimentary or altogether absent 
(Fig. 75). 

The number and arrangement of the branchiae varies con- 



Pio. 74 . — Sdecurtus strigUlatus L., Fig. 75 . — MylUns caIuHs L., attached by its byssiis 
Naples : 8.af, afferent siphon ; (By) to a piece of wood : F, foot ; S, anal siidioii, 

efferent siphon, the two the branchial siphon being below it and not 

uniting in SS externally to the closed. (After Mobius.) 
shell. X i. 

siderably. It appears probable that the different degrees of 
complication of the gill indicate degrees of specialisation in the 
different groups of Pelecypoda, in other words, assuming that a 
simpler form of gill precedes, in point of development, a more 
complicated form, the nature of the gill may be taken as indicat- 
ing different degrees of removal from the primitive form of 
bivalve. 
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1. The simplest form of gill (Niwula, Lcda, Solenornya, etc.) is 
that which consists (Fig. 76, A, compare Fig. 100, p. 201) of two 
rows of very sliort, broad, not reflected filaments, tlie rows being 
placed in such a way that they incline at riglit angles to one 
another from a common longitudinal axis. The filaments are not 
connected with one another, nor are the two leaves of each gill 
united at any point. (Protohraiiehiata.) 

2. In tlie Anomiidae, Arcadae, Trigoniidae, and Mytilidae each 
gill consists of two plates or rows of much longer filaments, wliich 
consequently occupy a much larger space in the mantle cavity 



Kio. 76. — Morphology of the hraiichiae of Pelccypoda, seen diagram niatioally in section 
A, Protobran^iata ; B, FilibmncMaUt ; C, Eulam^lUhranvhiata ; D, Septi 
branchUita ; «, 6, extenial row of filaments ; t, internal row of filaments ; c', ex 
ternal row or plate foldtul back ; i\ internal row folded batrk ; /, foot ; m, mantle 
8e])tum ; v, visceral mass. (From A. Lang.) 


(Fig. 76, B). Unable to extend beyond the limits of the mantle, 

filaments are reflected or doubled back upon one another, tliose 

of the external plate being reflected towards tlie outside, tliose of 

the internal plate towards the inside. Each 

separate filament is not connected with the 

filament next adjacent, except by surfoce 

cilia situated on small projeelions on the 

sides of the filaments, and interlocking with 

the cilia of the adjacent filament. The two 

superposed plates or leaves of the gill may or 

may not be united liy cords running between 

the two parts of a filament. {Filihranchiata,) 

Era. 77. ~ Fonr gill fila- 3. In the Pectinidae, AvicAdidae, and 

LijS Ostreidae further development takes 

ciliary junctions ; /, place. The filaments of each gill are 
filament. (After Peck.) ^ j. i • mi. • tt*/* 

' reflected, in the same way as in the Fih- 

hrarichiata^ but the part thus reflected may become completely 
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Fics. 78. — Transverse section of portion of 
an outer gill plate of Anoilonla^ liigiily 
magnified : ily inner lamella ; iVy outer 
lamella ; i7/, iiiterlainellar junctions ; Vy 
largo vertical vessels. (After Peck.) 


united or ' concresce ' with the mantle on the exterior . and 
with the base of the foot on tlie interior side. The leaves of 
each gill plate, which have thus l)ecome doubled (the gills being 
apparently two instead of one on each side), are folded or crum- 
pled, and the filaments are modified at the re-entrant angles of 
the fold. (^Pseudolaymllihramhiata,') 

4. In all the remaining Pelecypoday except class 5, in otlier 
words, ill the very large majority of families, the filaments are 
either refiected, as in (3), or 

simple ; but the process of con- 
crescence is so for advanced 
tliat the adjacent lilanients are 
always intimately connected 
witli one another in such a 
way as to admit the ])assagc 

of tlie blood ; and the leaves v v v, il 

oo/.U ...ni ^7 0 78. —Transverse section of portion of 

Ot each gill-plate (rig. 7o, 0) outer gill plate of Anodonla, highly 

arc united by cross cliaiinels in magnified: Uy inner lamella; il\ outtr 

. / TT 7 77 * lamella: iljy iiiterlainellar junctions; 

a smular way. {Kulamelh- krgo vertical vessel.. (After Peck.) 

hramdiiata,) 

5. Ill certain of tlie Aimtinacea alone (Cnspidarifty Lyomiellay 
Poromya, Hileymi) tlie gills are transformed into a more or less 
muscular partition, extending from one adductor muscle to the 
other (Fig. 7 6, D), and separating off the pnllial chamber into two 
distinct divisions, which communicate by means of narrow slits 
in the partition. {Septibranchiata,) 

Thus the process of gill development in the Pelecypoda 
appears to lead np from a simple to a very complex type. In 
its original form, at all events in the most primitive fotm known 
to us, the gill is a series of short filaments, quite indepc^ndent of 
one another, strung in two rows; then the filaments become 
longer and double back, wliile at the same time they begin to 
show signs of adhesion, as yet only superficial, to one another. 
In a further stage, the reflected portions become fused to tlie 
adjacent surfaces of the foot and mantle, while the iiiterlamellar 
junctions serve to lock the two gill-plntes together ; finally, the 
mere ciliary junction of adjacent filaments is exchanged for inti- 
mate vascular connection, while the gill-plates as a whole become; 
closely fused together in a similar manner. 

This theory of origin is strengthened by closer observa- 
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tion of the phenomena of a single group. Taking the Septi- 
branchiata as an instance, we find that in Lyonsiella the branchiae 
unite with the mantle in such a way as to form two large pallial 
chambers, the structure of the branchiae being preserved, and 
their lamellae covering the partition. A further stage is 
observed in Poromya. There, a similar partition exists, but it 
has become muscular, preserving, however, on each side two 
groups of branchial lamellae, separated one from the other by a. 
series of slits, which form a communication between the two 
pallial chambers. A further stage still is seen in Silenia, There 
the same muscular partition exists, but the branchial lamellae on 
either side have disappeared, the slits between the two chambers, 
which occur in Poromya, still persisting, but separated into 
three groups. Cuspidaria represents the last stage in the 
development. In the ventral chamber there appears nothing at 
all corresponding to a branchia ; the surface of the partition 
appears perfectly uniform, but on careful examination three little 
separate orifices, remains of the three groups of orifices in Silenia, 
are observed.^ 

Eelation between BraTvehiae and Heart — The object of the 
branchiae being, as has been already stated, to aerate the blood 
on its way to the heart, we find that the heart and the branchiae 
stand in very important structural relations to one another. 
When the branchiae are in pairs, we find that the auricles of the 
heart are also paired, the auricle on the right and left sides being 
supplied by the right and left branchiae respectively. This is 
the case with the Dibranchiate Cephalopods {Argonauta, Octopus, 
Loligo, etc.), the Zygobranchiate Prosobranchs {Fissurella, Hali- 
Otis), and all Pelecypoda, In the Amphineura {Chiton, etc.) there 
are two auricles corresponding to the two sets of multiple 
branchiae. In the case of the Tetrabranchiate Cephalopods 
{Nautilu-s) there are four auricles corresponding to each of the 
four branchiae. Compare Fig. 79, A, B, C, D, E. 

On the other hand, when the branchia is single, or when both 
branchiae are on the same side, and one is aborted and functionless, 
the auricle is single too, and on the same side as the branchia. 
This is the case with the Tectibranchiate Opisthobranchs {Philine, 
Ucaphander, etc.), all the Pectinibranchiate Prosobranchs (Eachi- 
glossa, Taenioglossa, and Ptenoglossa), and the other Azygobran- 
^ Polsencer, Comptes Eendus, ovi. p. 1029. 
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chiatc Prosobranchs (Trochidae, Neritidae, etc.). In the last case 
the. right auricle exists, as well as the left, but is simply a closed 



Fi(i. 79. — Diagram illustrating llio relations between brancliiae, heart, ami aorta in the 
MolluBca : A, In Chiton ; B, Pclccypoda ; C, Dibraiichiate Cephalopoda ; D, Tetra- 
branchiate Cephalopoda ; E, Prosobraiiehiata Zygobranchiata ; F, Prosobrumdiiatii 
Azygobranchiata ; G, Prosobraiiehiata Moiiotocardia ; H, Opisthobraiichiata Tceti- 
branchiata: 1, Ventricle; 2, Auricle; Aorta; 3rt, Cephalic aorta ; Visceral 
aorta ; 3c, Posterior aorta. (Prom A, Lang. ) 

Site, the coalescing of the two gills on the left sidt', liaving thrown 
all the work upon the left auricle. Compare Fig. 79, F, G, H. 

Circulatory System. 

All Mollusca, without exception, possess a circulatory system 
of more or less complexity. The centre of the system is the heart, 
which receives the aerated blood from the breathing organs, and 
propels it to every part of the body. In the Scaphopoda alone 
there appears to be no distinct heart. 

The heart may consist simply of a single auricle and vent- 
ricle, and an aorta opening out of the ventricle. From the 
aorta the blood is conveyed to the various parts of the body by 
arteries. Veins convey the blood back to the breatliiiig organs, 
after passing over which it returns by the branchial or pulmonary 
vein to the heart, thus completing the circuit. 
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As regards position, the heart is situated within the pericardium, 
a separate chamber which in the Pelccypoda, Cephalopoda, and 
the bilaterally symmetrical Gasteropoda lies on the median line, 
while in the asymmetrical Gasteropoda it is on one or other of the 
sides of the body, usually the right. The veins connected with 
the branchiae, and consequently the auricle into which they open, 
are situated "behind the ventricle in the Opisthobranchiata (whence 
their name), while in the Prosobranchiata they are situated in 
front of the ventricle. 

The number of auricles corresponds to the number of branchiae. 
Thus there is only one auricle in the great majority of Proso- 
branchiata (which are accordingly classified as Monotocardia), 
and also in the Opisthobranchiata, while the Pulmonata have a 
single auricle corresponding to the pulmonary chamber. There 
are two auricles in the Amphineura, in a small group of Gastero- 
poda, hence known as Diotocardia, in all Pelecypoda, and in the 
Dibranchiate Cephalopoda. In the Tetrabranchiate Cephalopoda 
alone there are four auricles corresponding to the four branchiae. 

A single aorta occurs only in the Amphineura and in the 
Tetrabranchiate Cephalopoda. In all the other groups there are 
two aortae, leading out of the anterior and posterior ends of the 
ventricle in Pelecypoda and Dibranchiate Cephalopoda, while a 
single aorta leads out of the posterior end alone, and subsequently 
bifurcates, in most of the Gasteropoda, One aorta, the cephalic, 
supplies the front part of the body, the oesophagus, stomach, 
mantle, etc. ; the other, the visceral aorta, supplies the posterior 
part, the liver and sexual organs. 

The general circulatory system in the Mollusca has not yet 
been thoroughly investigated. As a general rule, the blood driven 
from the ventricle through the aorta into the arteries, passes, on 
reaching the alimentary canal and other adjacent organs, into a 
number of irregular spaces called lacuTiae. These in their turn 
branch into sinuses, or narrow tubes covered with muscular tissue, 
which penetrate the body in every direction. In tlie Dibranchiate 
Cephalopoda true capillaries are said to occur, which in some cases 
form a direct communication between the arteries and veins. 
According to some authorities^ capillaries and veins exist in 
certain Pelecypoda in connexion with the intestinal lacunae, but 
this again is regarded by others as not established. A similar 
* E,g, Kollmann, Eeit, wiss, Zool, xxvi. p. 87. 
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difference of opinion occurs with regard to the precise function of 
the foot-pore which occurs in many MoUusca, some holding that 
it serves as a means for the introduction of water into the blood- 
vascular system, while others regard it as a form of secretion 
gland, the original purpose of which has perhaps become lost. 

Blood. — ^As a rule, the blood of the MoUusca — i.e, not the cor- 
puscles but tlie liquor sanguinis — is colourless, or slightly tinged 
with blue on exposure to the air. This is due to the presence 
of a pigment termed haemocyanin, in which are found traces of 
copper and iron, the former predominating. Haemoglobin, the 
colouring matter of the blood in Vertebrates, is, according to Lan- 
kestcr,^ of very restricted occurrence. It is found — (1) in special 
corpuscles in the blood of Solen legumen (and Area Noae); (2) in 
the general blood system of Planorhis; (3) in the muscles of the 
pharynx and jaws of certain Gasteropoda, e.g. Limnaea, Paludina, 
Littorina, Chiton, Aplysia, This distribution of haemoglobin is 
explained by Lankester in reference to its chemical activity; 
whenever increased facilities for oxidisation are required, then it 
may be present to do the work. The MoUusca, being as a rule 
otiose, do not possess it generaUy diffused in the blood, as do the 
Vertebrata. The actively burrowing Solen possesses it, and 
perhaps its presence in Planorbis is to be explained from its re- 
spiring the air of stagnant marshes. Its occurrence in the 
pharyngeal muscles and jaws of other genera may be due to the 
constant state of activity in which these organs are kept.* 

According to Tenison-Woods * a species of Area {trapezia Desh.) 
and two species of Solen, aU Australian, have red blood. It is 
suggested that in these cases the habits of the animal (the Solen 
burrowing deeply in sand, the Area in mud) require some highly 
oxidising element, surrounded as the creature is by ooze. In Area 
pexata (N. America) the blood is red, the animal being familiarly 
known as the ' bloody clam.’ Burrowing species, however, are 
not all distinguished by this peculiarity. Tenison-Woods finds 
red fluids in the buccal mass of many Gasteropoda, e,g, in species 
of Patella, Acmaea, Littorina, Troehus, Turbo, giving the parts the 
appearance of raw meat. 

^ Proe. Roy. Soc, 1873, p. 70. 

* Griesbach {Arch, mikr, Anat. xxxvii. p. 22) finds haemoglobin in several 
bivalves, e.g. Poromya granulata, Tellina plomata, Area Noae, and Pectunculue 
glycimeris. 

® Trans. Roy. Soc. N. S. Wales, xxii. p. 106. 
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The Mantle 

On the dorsal side of the typical moUuscan body, between the 
visceral sac and the shell, lies a duplicature of the integument, 
generally known as the mantle. The depending sides of the 
mantle, which are usually somewhat thickened, enclose between 
themselves and the body mass a chamber of varying size and 
shape, called the mantle cavity, which communicates freely with 
the external air or water, and encloses and furnishes a protection 
for the organ or organs of respiration. On its upper or dorsal 
surface the mantle is closely applied to the shell throughout its 
whole extent, the cells with which it is furnished secreting the 
materials from which the shell is formed (see p. 255). The whole 
mantle is capable, to some degree, of secreting shelly matter, but 
the most active agent in its production is the mantle edge or 
margin. 

In the Prosobranchiata the mantle cavity, for reasons which 
have already b^n explained, is found on the left side of the 
animal, its front portion being in many cases produced into a 
tubidar siphon. Within the mantle cavity are found, besides the 
branchia, the anus, the apertures of the kidneys, and the 
osphradium. In the Fulmonata the mantle fold encloses a so- 
called lung-cavity. The front edge of the mantle coalesces with 
the integument of the neck in such a way as to enclose the 
cavity very completely, the only communication with the outer 
air being by means of the contractile breathing or pulmonary 
aperture on the right side. In the Tectibranchiate Opistho- 
branchs the mantle fold is inconsiderable, and is usually 
not of sufficient extent to cover the branchia, while in the 
Nudibranchs, which have no true branchiae, it disappears 
altogether. 

In the Pelecypoda the mantle cavity is equally developed on each 
side, enclosing the two sets of branchiae. The mantle may thus 
be regarded as consisting of two equal portions, which form a sort 
of lining to the two valves. The lower or ventral portion of the 
mantle edges may be simple, or provided with ocelli {Pecten, Area), 
tentacles, cilia (Lima, Lepton), or doubled folds. The two portions 
of the mantle touch one another along the whole line of the 
edge of the two valves, and, although thus in contact, may remain 
completely separate from one another, or else become permanently 
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united at one or more points. This fusion of the mantle edges 
corresponds to important changes in the organisation of the 
animal as a whole. The anal and branchial siphons are no more 
than prolongations of the mantle edges on the posterior side into 
a tubular form. These ‘ siphons ’ exhibit the siphonal form more 
distinctly according as the adjacent portions of the mantle become 
more definitely fused together. 

This progressive fusion of the mantle edges may be taken as 
indicating definite stages in the development of the Pelecypoda. 
A perfectly free mantle edge, joined at np point with the edge 
of the adjacent mantle, occurs in Nucula, Area, Anomia, and 
Trigonia (see Fig. 80, A, B). Here there is nothing in the 



Fio. 80, — Diagram illustrating the various stages in the closing of the mantle in Pelecy- 
poda : A, mantle completely open ; B, rudiments of siphons, mantle still completely 
open ; C, mantle closed at one point ; D, mantle closed at two points, with coni- 
. plete formation of siphonal apertures ; E, development of siphons, ventral closure 
more extended ; F, mantle closed at three points, with fourth orifice : /, foot ; a. a, 
sJbf anal and branchial siphons ; 1, 2, 3, first, second, and third points of closure of 
mantle. (After A. Lang.) 

nature of a siphon, either anal or branchial ; in other words, no 
contrivance exists to prevent the spent water which has passed 
over the branchiae from becoming mixed with the fresh water 
which is to reach them. When the mantle edges are fused at 
one point only^ this is invariably on the middle part of the 
posterior side, thus separating off an anal opening which may 
become prolonged into a tube-like form. At the same time the 
adjacent underlying portions of the mantle edges draw together, 
without actually coalescing, to form an opening for the incurrent 
stream of water, the rudiments of the ^branchial siphon’ (Fig. 80,C). 
This is the case with most Mytilidae (see Fig. 75) with Car- 
dita, Astarte, and Pisidium, In the next stage the branchial 
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opening is separated o£f by the concrescence of the mantle edges 
beneath it, and we have the mantle united in two places, thus 
forming three openings, the ventral of which is the opening for 
the protrusion of the foot (Fig. 80, D). This is the case in 
Yoldia, Ledd, the majority of the Eulamellibranchiata (ag. I/aeina, 
Cyrena, BonaXyPsammolia, Tellina, Venus, Cardivm, Mactra'), and 
aU Septibranchiata. In Charm and Tridacna the fused portions 
of the mantle become more extended, and in Pholas, Xylophaga, 
Teredo, Pandora, and Lyonsia this concrescence takes places over 
the greater length of the whole mantle edge, so that the mantle 
may be regarded as closed, mth the exception of the three 
apertures for the foot and the two siphons (Fig. 80, E). 

In certain genera there occurs, besides these three apertures, a 
fourth, in the line of junction between the pedal and branchial 
orifices. It appears probable that this fourth orifice (which has 
been regarded by some as an inlet for water when the siphons are 
retracted), stands in relation to the byssal apparatus (Fig. 80, F). 
In lyonsia, for instance, a thick byssus protrudes through the 
orifice, which is large and open. In Solen, Lutraria, Glycimeris, 
CocModesma, Thracia, Aspergillum, and a few more genera, which 
have no byssus, thC) orifice is very small and narrow. It is 
possible that in these vlatter cases, the byssal apparatus having 
become atrophied, the orifice has been correspondingly reduced 
in size.^ 

Mantle Reflected over the Shell — It is sometimes the case 
that the mantle edges tend to double back over the external sur- 
face of the shell, and to enclose it to a greater or less extent. 
When this process is carried to an extreme, the edges of the 
reflected mantle unite, and the shell becomes completely internal 
We see an incipient stage of this process in Cypraea and Mar- 
ginella, where the bright polish on the surface of the shell is due 
to the protection afforded by the lobes of the mantle. A con- 
siderable portion of the sheU of Scutus is concealed in a similar 
way, while in Cryptochiton, Lamdlaria, and Aplysia the shell is 
more or less completely enclosed. Among Fulmonata, it is possible 
that in forms like ' Vitrina, Parmaeella, Zimax, and Arion, we 
haV4 successive sti^ges in a process which starts with a shell com- 
pletdy external, as in ffelix, and ends, not merely by enveloping the 
shell in the mantle, but by effecting its disappearance altogether. 

*■ PelaenMr, Cfmptes Xmchu, cz. p. 154. 
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In Vitrina and some allied genera we have a type in which the 
mantle lobes are partly reflected over the shell, which at the 
same time exhibits rather less of a spiral form than in Helix. 
In the stage represented by Parmacella, the mantle edges have 
coalesced over the whole of the shell, except for a small aperture 
immediately over the spire; the nucleus alone of the shell is 
spiral, the rest considerably flattened In Limax the shell has 
become completely internal, and is simply a flat and very thin 
plate, the spiral form being entirely lost, and the nucleus repre- 
sented by a simple thickening at one end of the plate. In Avion, 
the final stage, we find that the shell, being no longer needed as 
a protection to the vital organs, has either become resolved into 
a number of independent granules, or else has entirely dis- 
appeared. 

Some indications of a similar series of changes occur in the 
Pelecypoda. The mantle edge of Lepton is prolonged beyond the 
area of the valves, terminating in some cases in a number of 
filaments. In Oaleomma and Scintilla the valves are partially 
concealed by the reflected mantle lobes, and in a remarkable form 
recently discovered by DaU ^ (Ghlamydocomha) the shell is com- 
pletely imbedded in the mantle, which is perforated at the 
anterior end by an orifice for the mouth, and at the posterior 
end by a similar orifice for the anus. In all these cases, 
except Lepton, it is interesting to notice that the hinge teeth 
have completely disappeared, the additional closing power gained 
by the external mantle rendering the work done by a hinge un- 
necessary. It is quite possible, on the analogy of the Gaster- 
opoda mentioned above, and also, it may be added, of the 
Cephalopoda and other groups, that we have here indicated the 
eventual occurrence of a type of Pelecypoda altogether deprived 
of valves, a greatly thickened mantle performing the part of a 
shell.^ 

The following works will be found useful for further study of 
this portion of the subject : — 

F. Bernard, Recberches sur les organes pall^aux des Qast^ropodes proso- 
brancheb: Ann. Sc. Nat. Z 00 I. (7) ix. (1890), pp. 89-404. 

^ Science, iv. p. 60. 

* P. Fisober, Joym. de Conchyl. (3) xxviL p. 201. 
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OUGANS OF SENSE : TOUCH, SIGHT, SMELL, HEARING THE FOOT 

THE NERVOUS SYSTEM. 

Organs of Sense : T. Touch. 

Tactile organs, although occurring in some of the Mollusca, do not 
appear to attain special or marked development, except in a iew 
cases. The wliole surface of the skin, and particularly of tin? 
foot, is very sensitive to the slightest impression. Nearly all 
Gasteropoda are furnished with at least two cephalic tentacles, 
projecting like horns from each side of the fore part of the? head. 
At or iiefir the base of these are generally situated the eyes. 
In the Helicidae the eyes are situated, not at the base, hut at 
the apex of the tentacles, and in that (*ase — except in Vertigo — 
a second pair of shorter tentacles appears heneath the Iong(ir 
pair. It frequently happens that several senses are centred in 
a single organ, thus the upper tentacles of snails not only 
carry the eyes and serve to a certain extent as tactile organs, 
but they also carry the organs of smell. 

* The edges of the mantle, which are sometimes specialised 
into lobes, appear to be keenly sensitive to touch in all 
Gasteropoda. 

In Cypraea (Fig. 81) these lobes, or tentaculae, are a 
prominent feature of the animal, and also in certain genera of 
the Trochidae (Fig. 82). In most of the carnivorous land 
Pulmonata — e.g. Testacella, Bhytida, Ennea — there are developed, 
under the lower pair of tentacles, and close to the mouth, large 
labial palps or feelers. These are connected with the cerebral 
ganglion by a very large nerve, and may therefore be supposed 
to be of extreme sensitiveness. In some of the large carnivorous 
VOL. Ill N 
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forms {Glandina, Aerope, compare Fig. 21, p. 54) these palpae are of 
great size, and curl upwards like an enormous pair of moustaches. 




Fig. 81. — Cypram moneta L., showing tentaculae at 
edge of mantle, which partly envelopes the shell : 
Si, siphon ; M, M, mantle ; F, foot ; T', tenta- 
culae at edge of mantle. (After Quoy and Gai- 
mard). x 


Fia. 82 . — Monodonta canali- 
fera Lam., New Ireland, 
showing mantle lobes. 
(After Quoy and Gai- 
mard.) 



AVhen a Glandina seizes its prey, the palpae (see Fig. 83) appear 
to enfold it and draiv it in towards the mouth. 

It is in the Opisthobranchiata that the organs of touch 
attain their maximum development. Many of this group are 
shell-less or possess a small internal shell, and accordingly, in the 
absence of this special form of defence, a multiplied sense of 
touch is probably of great service. Thus we 
find, ^besides the ordinary cephalic tentacles, 
clusters or crowns of the same above the head 
of many Nudibranchiata, with lobe-like pro- 
longations of the integimient, and tentacular 
jDrocesses in the neighbourhood of, or surrouiid- 
*^^0 branchiae (see Figs. 58 and 84), or even 
projecting from the whole upper surface of the 
body (Fig. 5, C). 

In the Pelecypoda, the chief organs of touch 
are the foot, which is always remarkably sensitive, especially towards 
its point, the labial palps on each side of the mouth, and the 
siphons. In certain cases the mantle border is prolonged into a 
series of threads or filaments. These are particularly noticeable 
in Pecten, Lepton, and Lima (Fig. 85), the mantle lobes of the 
common Z. hians of our own coasts being very numerous, and of 
a bright orange colour. In many genera — e.g. Unio, Mactra — 
this sensibility to touch appears to be shared by the whole 
mantle border, although it is not furnished with any special 
fringing. The ‘ arms * of the Cephalopoda appear to be keenly 


with buccal papil- 
lae turned back. 
(Strebel.) 
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sunsitivti to touch, uiul this is particularly the case with the 
front or tentacular jaiir of anus, which seem to be employed in 



Fkj. 8-1 . — Tdalm Leachii A. .iiul H., British seas ftr, bruiichiae. (After 
Alder and Hancock.) 


ail especial degree for exploration and investigation of strange 
objects. 


Taste. The sense of taste is no doubt present, to a greater 

or less extent, in all the head-beai*ing Mollusea. In niaiiy of 
these a special nerve or nerves has been discovered in the 


pharynx, connecting with the cerebral 
ganglion ; tliis no doulit indicates the 
seat of the faculty of taste. The Mol- 
lusca vary greatly in tlieir likings for 
dilferent kinds of food. 8onie scnnii 
to prefer decaying and highly odorifer- 
ous animal matter (^Bucchinin, 
others apparently confine thenisidves 
to fresh meat {Purjpura, Natica, 



TestacellcC), others again, althougli natu- 
rally vegetarian, will not refuse flesh 
on occasion (JAmcm, Hdix), 

Mr. W. A. Gain ^ has made some 


Fi«. 85 . — Lima squamosa ^m., 
Naples, showing tentacular 
lobes of mantle (f, t) ; a, anus ; 
ad.M, adductor muscle ; ft/*, ft/*, 
branchiae ; /, foot ; s/i, shell. 


interesting experiments on the taste of liritish land Mollusea, as 
evidenced by the acceptance or rejection of various kinds of food. 
He kept twelve sjiecies of Avion and Liinax, and eight species of 
Helix in captivity for many months, and tried them with no less 
than 197 diff*OTent kinds of food, cannibalism included. Some 


/oiirn,; 0 ^ Conch, vi. p. 349 ft. 
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curious points (ffinui out in Iiis tuhlc ol; results. Amalia garjates 
appears to be surprisingly omnivorous, for out of 197 kinds of 
food it ate all Init 25 ; Avion aler came next, eating all but 40. 
Limax arbornw, on the other hand, was dainty to a fault, eating 
only seven kinds of f(jod, and actually refusing Swedes, which every 
other s]>ecii\s took with some avidity. Certain food was rejected 
by all alike, r.//. London Vridt?, iJog Rose, Ik^ech and Chestnut 
leaves. Spruce Fir, Common llush, Liverwort, and Lichens ; whili* 
all, or nearly all, ate greedily of* Potatoes, Turni])S, Swedes, 
Lettuces, Leeks, Strawberries, Boletus cduHs, and common 
grasses. Few of our common weeds or hedgerow Howers weri^ 
altogether rejeitted. Avion and Limax were decidedly less 
l)articuLir in their food than Helix, nearly all of them eating 
earth-worms and i)uff-balls, which no Helix would touch. Avion 
atev and Limax maxim us ate the slime olf one another, and 
portions ol* skin. CyelostAnna eleyans and Hyalinia nitida 
l)referred moist, dead leaves to anything els(*. 


11. aSV/////. 

Position of Eyes. — In the majority of the liead-bearing 
ilollusca the eyes aio tw(» in number, and arti placed on, or in 
the immediate neiglibourhood of the head. Sometimes they are 
carried (Ui projecting tentacles or ^ ommattiphores,’ which are 
either simple (as in rrosobranchiata) or capable of retraction 



Fkj. St). — A, lAmnaea pererjm Miill. ; e, <*, eyes ; /, i, tentacles ; B, Helix iienumdis 
Miill. ; e, e, eyes ; t, t, tentacles ; piilmoiiary orilice. 

like the fingers of a glove {Helix, ett*.). Sometimes, as in a large 
number of the niariiu^ (histeropoda, the eyes are. at the outer l)ase 
of the ceplialic tentacles, or are nujunted on the tentacles them- 
selves, but never at the tip (compare Fig. 60, ]>. 153 and Fig. 9S, 
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p. 109). Ill other cases they are placed somewhat farther back, at 
the sides of tlie neck. 'Hie Ihilmonata are usually subdivided into 
two great groups, SfylomwaUqtltora. and Bamniviatophora (Kiy. 
80), according as the eyc's are (*arried on tlie tip of the large 
tentacles {Helix, and all non-oper(*ulate land sliells), or placed at 
the inner side of their base {Limmiea, Phyaa, etc.). In land and 
iVesh-water operculates, tlie eyes are situated at tlie outer base of 
t!ie tentacles. 

In tliii Hi‘licidae, careful observation will show that the eyes 
are not placed exactly in the centre of tlu^ end of the tentacle, 
but on its upp(‘r side, inclining slightly outwards. The i>ye is 
■jn’obably pushiul on one'* sidi', as it were, by the dcwelopnimit of 
the neighbouring oliactory bulb. The sense of smell lieing far 
more important to these animals than the. sense of sight, the 
former sense d(weloi)s at the expense of thi^ latter. 

Organisation of the Molluscan Eye.— Tla^. (‘ye in Mollusca 
exhibits almost (^.vmy imaginable form, 
from the extivmely siniiile to th(‘. 
ela.b(U*ately (.‘onipl(‘x. It may b(‘, as in 
c'tu’tain bivalves, no more than a ])ig- 
iiumted spot on tlii^ niaiith^, or it may 
consist, as in sonic* of the (Vphalopoda, 
of a. coriuni, a sclcnotic, a choroid, an 
iris, a lens, an a([ueous and viti’iMuis 
humour, a. retina, and an o]die iktvc*, or 
oT some of these ])arts (»nly. 

In most land and frt‘sh-wa.t(U’ IMol- 
lusca the eyi^ may be regardcnl, roughly 



s])eaking, as a. liall conm^cted by an 
(exceedingly fine thread (tin? optic n(»rve) 
with a ni?rvc centre (the I'erebral gang- 
lion). Ill Paludina this liall is elliptic, 
in Plauorhis and Nerilina it is drawn 
out at the back into a conical or pear 
shajie. In Helix (Fig. 87) there is a 
surrounding 


'yxu 

Fk;. S7. — Eye Ifdh' iKnimtia 

L., retraeted within tin*, 
tentacle ; r. cornea ; rp^ epi- 
thelial layer; /, lens; np.v, 
optic nerve; »•, retina. (After 
Siinrolh.) 

str net n r(?h\ss mem 1 na no , 


the wliolc? eye, a lens, and a retina, the latter 
(-•onsisting of a luirvons layer, a eellular layer, and a laycn* of 
rods containing pigment, this innermost layer (that neai-est the 
lens) being of the thickne^ss of half the whole retina. 

(.'(Jiiiparing the eyes of different Gasteropoda together, wie find 
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th«at they re])reseiit stages iii a general course of ilevelopineiit. 
Thus in Patella the eye is scarcely more tlian an invagination 
or depression in the integument, which is lined witli pig- 
mented and retinal cells. The next upward stage occurs in 
Trochns, wliere the depression lKi(!onies deeper and bladder- 
sliaped, and is iilled witli a gelatinous «)r crystalline mass, but 
still is open at the top, and therefore permits the eye to be 



Fig. 88. — Eyes of Ga.9teropo(la, showing arrest of dcTelopment at successive stages : A, 
PateUa ; B, Trochus; C, Turbo; D, Murex ; ep, epidermis; /, lens; ojku, optic 
nerve ; 7*, retina ; v.h, vitreous liumonr. (After Hilger.) 

bathed in water. Then, as in Turho, the bladder l)(H.*onies 
closed by a thin epitlielial layer, which linally, as in some Mure,r^ 
becomes much thicker, while the 'eyeball' encloses a huis (Fig. 
88), which probably corresponds with the 'vitreous liumour ’ of 
other types. 

In Nautilus tlie eye is of a very simple type. It consists of 
a cup-shaped depression, witli a small opening which is not 
quite closed by tlie integument. 'Flie retina consists of cells 



vrr 


EYE OF CEPHALOPODA 


183 


B 


which line the interior of the depression, and which coinmiinicate 
directly with the branches of the optic nerve, there being in» 
iris or lens. This type of eye, 
it will be observed, corresponds 
exactly witli that whicli occurs 
in rutdla. It appears also to ^ 

correspond to a stage in the 
development of eyes in tlie 
Dibranchiata (e.g. Ortniwfi, 

Lolifni). Lankester lias shown ' 
that in IjoIu/o tla*. eye first 
appears as a ridge, enclosing an 
oval area in the intc^gnnient. 
lly (legnvs the W’alls of this 
area close in, and (‘ventiially 
join, enedosing the retimil cells 
witliin the chamber in which 
the h*ns is afterwards developed 
J^Fig. MO). It thus appears tliat 
in some cases the developmejit 
of the eye is arrested at a point 
which in other cases only forms 
a temporary stage towards a higher type of organisation. 

The developed eye in the dibranchiate (!ephalopods consists 
of a transparent cornea, which may or may not be closed over 



Kh . 8$1. Tliree stages in tlio aevelop- 
inent of the eye of i^olhjo ; r, r, rhlge, 
enclosing primitive optic chnni- 

ber ; orifice between the closing 
ri<lgi5s ; s.o.i\ secondary optic chamber ; 
c/’, r/, ciliary body ; /, rudimentary 
lens ; /?, retina. (After Lankester.) 



Fi»!. 90. — Eye in 
A, Lot iff 0 ; B, //c- 
U.!'. or Lhhax; C, 
Nantilius : «.o.c, 
anterior ' optic 
chaiiiber ; c, cor- 
nea ; inL integu- 
ment ; iris ; /, 
lens ; l\ external 
portion of lens ; 
op.n^ optic nerve ; 
ojhff, optic gang- 
lion ; JU.O.C, poste- 
rior 02 )tic cham- 
l)er ; r, retina. 
(After Grenadier.) 


the front of the lens. Behind the cornea is a mirrow chamljer 
(the anterior optic chamber) which is continued for three parts 

^ Quart. Joimi. Micr. Sc. X.S. xv. p. 37. 
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round the whole circle of the eye, and into which project the 
front portion of the lens and the folds of the iris. Throughout 
its whole extent, the anterior optic chamber is lined by the 
integument, the portion of which on the inner side is the 
choroid. The lens is divided into an outer and inner seg- 
ment by a thin membrane, and is supported by the ciliary 
body which forms a continuation of the retina. The main 
portion of the lens lies within the posterior optic cham- 
ber, at the back and sides of which is found the retina 
(Grenacher). 

There can be no doubt that the Cephalopoda use their eyes to 
observe, but there is nothing to show that any other Mollusca 
use their eyes for this purpose, the sense of smell in their case 
largely taking the place of visual observation. Madame Jeannette 
Power once saw ^ the Octopus in her aquarium holding a fragment 
of rock ill one of its arms, and watching a Pinna which was 
opening its valves. As soon as they were perfectly open, tlie 
Poulpe, with incredible address and promptitude, placed the stone 
between the valves, preventing the Pinna from closing again, ^ 
upon which it set about devouring its victim. The next day 
the Poulpe was seen, after crushing some Tdliwiy to stretch 
himself down close by a Triton nodiferus, and watch it atten- 
tively. After four hours the Triton emerged from its shell, 
when the Octopus sprang upon it, and surrounded it witli its 
arms. 

Powers of Vision in Land Mollusca. — The Helicidae are un- 
doubtedly very short-sighted. Seldom emerging from their retreats 
except in twilight and darkness, they are naturally myopic, and 
see better in a subdued than in a bright light. Experiment has 
shown that a Hclwc can perceive an object better at 6 centimetres 
distance in a weak light than at 4 or 5 millimetres in a strong 
one. Cyclostoma elegans and PaludiTia vivipara are comparatively 
long-sighted, perceiving objects at a distance of 20 to 30 
centimetres.® The increased power of vision is due, in these two 
cases, to increased elaboration in the construction of the eye. 


Ann, Mag. Nat. Mist. (2), xx. p. 336. 

^ V. Willem {Arch. Biol, ut infr.) denies this, and declares that Cyclostoma is 
only veiy sensitive to movements. The present writer has often approaclied, with 
the greatest care, a crawling CyclosUma^ but it always withdrew into its shell or fell 
to the ground when approached within about 10 or 12 inches. 
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Faludina possessing a large and almost spherical lens, to which 
the vitreous humour closely adheres, while in Cyclostoma the lens 
is remarkably hard, and the aqueous humour very abundant. 
According to V. Willem,^ the Pulmonata are very sensitive to 
the slightest movement of the air or jarring of the surface on 
which they crawl, but are so short-sighted as only to perceive a 
confused image of a large object at about 1 cm., and to distin- 
guish tlie form of objects at not more than 1 or 2 mm. The 
senses of touch and smell are far more active than that of sight. 
A bean-pod enclosed in a narrow glass case and placed before a 
hungry snail was not noticed, but when taken out of the case and 
placed 8 cm. behind the snail, the latter at once turned towards 
it to devour it. 

Some interesting experiments were conducted by the same 
author with the view of ascertaining whether snails avoid or 
court the light. He placed a number of species in different 
wooden boxes, which were divided into a light and a dark com- 
partment, having previously well soaked the boxes in water to 
secure a humid atmosphere and surface, and so induce the snails 
to move about. The result showed that nearly all species have a 
marked predilection one way or the other, but not all in the 
same way. Helix aspersay Avion empivicorumy six species of 
LimaXy and three of PlanorhiSy are lovers of darkness, while 
IL TiemoraliSy SucciTiea putris, and two species of Limnaea are 
lovers of light. Physa fontinalis stands alone in being quite 
indifferent. 

M. Willem endeavoured further to discover whether any of 
the Mollusca possessed " dermatoptic perception,’ or the faculty of 
perceiving variation of liglit by means of th(^ skin alone.- He 
accordingly repeated the above-mentioned experiments,- having 
previously extirpated the eyes in all cases. The result was 
remarkable. In a few instances the experiment was not con- 
clusive, but H aspersay A, empiricorum, several species of Zimax, 
and one Limnaea shunned or sought the light just as they had 
done when their eyes were present. A few marine Mollusca 
{Littorina littoreay Trochus cineraviuSy T. umhiliccUm, Patella 
vulgata) were also shown to be exceedingly sensitive to the impact 
of a shadow, whether with or without their eyes. 

Blind and Eyeless Mollusca. — In a large number of marine 

^ Arch, Biol. xii. 1892, p. 57. 
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Mollusca wliich habitually creep about half buried in wet sand 
{Bulliay Siyaretus, Scaphander^ Philine), eyes are altogether absent. 

Ill some species of Natica and Siyaretus, 
and in Doris, eyes are developed, but are 
enclosed in a thick layer of skin, througli 
whicli they can probaldy do little more than 
faintly appreciate different degrees of light 
and darkness. Chiton has cephalic eyes in 
the embryo, but loses them in the adult 
stage. The two great Auricula, A, auris 
Judae and A, auris Midae, which habituallj’ 
creep about in the liquid mud of iiiangro\'e 
swamps, have entirely lost their eyes. Cer- 
tain pelagic Mollusca seem to have a. 
Lam., a species tendency, which IS not easily explained, to 

frequenting wet sand, their evos or the powci* of seeing witll 
and destitute of ex- mi r • i 4 11 

ternal eyes ; F, ante- them. Tliiis lantmna has no eyes at all. 

nor portion of foot, pteropoda as a rule have no eyes, and the 

few that have {Greseis, Cavahnia) pcjssess 

only certain pigmented sj)ots placed near to the nervous centres. 

In the Heteropoda, however, and the Cephalopoda, many of which 

are pelagic, the eyes ate unusually large. 

Eyes in Deep-sea and Underground Mollusca. — Deep-sea 

Mollusca, as a rule, possess no visual organs, or possess them onh' 

in a rudimentary state, Init this rule lias its exceptions. Dr. 

relseiieer found ^ no trace of eyes in two species of Pleurotoma 

from 1850 and 1950 fath., none in a Fossarus from 1400 f., 

none in a Pnncturella from 1.340 f. A remarkable form of Valuta 

{Guivillea) from 1600 f. possessed eyes which could hardly be 

functional, as they were destitute of pigment, and exhibited other 

changes of structure. On the other hand, it is remarkable to 

notice that in three different species of Trochus from 450 f., 

565 £, and 1375 f., the eyes were pigmented and well 

developed. 

In land Mollusca which live lieneatli the surface of the ground 
or in absolute darkness, the eyes are generally more or less 
modified. Thus in Testacella, which usually burrows deeply in 
the soil, but occjisionally emerges into the open air, the eyes are 
very small, but distinct and pigmented. * Our little CaecilianeUa 
* * Challenger ' Reports, Zoology, vol. xxvii. part Ixxiv. p. 3 . 
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aoiculay which is never seen above tlie surface, is altogether 
destitute of eyes. A species of Zospeum, a Helix, and a Bithynella 
from dark caves in Carniola have suffered a similar loss. On the 
other hand, a small Hyalinia from a dark cave in Utah (probably 
a recent addition to the aive fauna) has the eyes normally 
developed. 

Eyes of Onchidium. — Many species of 07ichidmin, a naked 
land pulmonate whicli creeps on rocks near high-water mark, are 
provided with dorsal eyes of various degrees of organisation, and 
in numbers varying up to nearly one hundred. The tropical 
Omhiclmm are the prey of a fish which skips along 

the beach by tlui aid of its large ventral fins, and feeds principally 
on insects and Onchidiuin. Karl Semper suggests ^ that the eyes 
are of service to Onchidium as enabling it to apprehend the 
shadow of the approaching Perioplitliaimus, and defend itself by 
suddenly contracting certain glands on the skin and expressing a 
liquid secretion wliich flies into the air like shot and frightens 
the PeHoplithalvms away. This tlieory — for it is no more than 
theory — may or may not be true, but it is remarkable that 
Onchidium with dorsal eyes have precisely the same geographical 
distrilmtion as Periophthalmus, and that where no Pe^'iophthalmus 
exists, e,g, on our own S.W. coasts, the Onchidium are entirely 
destitute of dorsal eyes. In those species of Onchidium wliich 
have no dorsal eyes, the latter are on the tips of the tentacles, as 
in Helix. The eyes are developed on the head, and afterwards 
ascend with the growth of the ommatophores, while in Helix the 
ommatophores are formed first, and the eyes developed upon 
them.- 

Dorsal Eyes in the Ohitonidae. — The remarkable discoveries 
of Moseley with regard to the dorsal eyes of Chiton were first 
published in 1884.^ He happened to notice, while examining a 
specimen of Schizochiton incisus, a number of minute black dots 
on the outer surface of the shell, which appeared to refract light 
as if composed of glass or crystal. These ‘ eyes,’ in all the species 
of Chiton yet examined, are restricted to the outer surface of the 
exposed area of the shell, never being on the laminae of insertion 
or on the girdle. In certain sub-genera of Chiton the eyes are 
scattered irregularly over the surface, in others they are arranged 

^ Animal Life, p. 372 f. * Bergli, Morjih. Jakrb. x. p. 172. 

* Ann. Mag. Nat. Hist, (5) xiv. p. 14 
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symmetrically in rows diverging from the .apex of each plate, but 
in old specimens the eyes towards the api(?es are generally 
rubbed off by erosion or abrasion. Moseley regarded the occur- 
rence of scattered eyes, as indicating an original stage of develop- 
ment, when the eyes were at first disposed irregularly all over the 
surface of the sliell ; the gathering into regular rows showing a 
later stage. 

Tlie eyes apptiar to l»e invariably more nuiiiei’ous on the 
anterior plate. Tims in Carepliinm mmhatum there are about 



Fig. 92. — Dorsal eyes of 
Vkitonitlae^ slio wi i jg 
the various forms 
of arraiigenieiit in 
the first and fourth 
val ves of 1 , /I fra /i- 

fhoplenm apin hjera 
Sowb., E. Indies, x 
2 ; 2, 2«, Ton id n sne~ 
Msis Reeve, Suez, 
X 3; 3, 3A^ At'on- 
thojilenra r/ran nlata 
Giiiel. , \V. Indies, 
X 2 ; 4, 4«, Tonida 
linenlafjt, Kreiiih., 
Chili, X 2. From 
specimens in the 
Aluseum of Zoology, 
Cambridge. 


1.2,000 in all, of which more than 3000 arc on the anterior 
plate. In SchizocMton they are arranged in very symmetrical 
rows, six of which are situated on the anterior, and only 
two, sometimes only one, on the central plates. In Tonida 
inarmorata the eyes are sunk in little cup-shaped depressions 
of the shell, possibly to esc^ape abrasion. As regards shape 
and size, in Ch, indsns they are circular, and fibout inch in 
diameter, this being .the largest size known ; in Ch. spiniger and 
Oh. aculeakis they are oval, measuring about X inch. 
There are no eyes in Chiton proper, nor in Mopalia, Mangeria^ 
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Loricd, and Ischnochiton} None of our English species appear 
to possess them.2 

Eyes in Bivalve MoUusca. — Some, possibly most, of the 
Pelccypoda possess, in the larval state, true paired eyes at the oral 
end of the body. These become aborted as the animal develops, 
since that part of the body becomes entirely screened from the 
light by the growth of the shell. To compensate for their loss, 
numerous ocelli, or pigmented spots sensitive to the action of light, 
are in many cases developed on difierent parts of the mantle, 
functionally corresponding to the 'eyes’ of Chiton described 
above. As in Chiton too, we have here an interesting series of 
instances in which true eyes have suffered total obliteration, 
through disuse, and, as if to restore to the animal in some 
measure its lost sense, visual organs of a low power have sub- 
sequently been developed and are now observed in various stages 
of specialisation. 

Concentration of Eyes in Special Parts of the Mantle. — 

Sharp has shown'* that in several species of Ostrea, Cardium, 
Anonda, Lima, Avicula, Area, and Tellina pigmented cells, with 
a highly refractive cuticle, are scattered over a considerable 
portion of the mantle. Experiment has proved the powers of 
' vision/ i.e. of sensitiveness to different degrees of light, possessed 
by these organs. In Dreissena polymorpha, Tapes decussatus, and 
two species of Venus these cells are concentrated on that particu- 
lar part of the mantle whicli is not always covered by the shell, 
i.e, the siphon, but since the siphon can be completely retracted 
within the shell, there is no special provision for their protection. 
A further step is shown in the case of Mya arenaria, where the 
siphon is scarcely capable of complete retraction. Here, while 
some of the pigment cells are scattered about over the surface of 

^ Tlio nature of the grouping of the eyes into rows varies considerably in different 
species. As a rule, the rows radiate from the beak, but occasionally they run par- 
allel to the girdle. In Tmicia Ihicolata Fremb., tlioy are grouped, as it were, under 
the sheltci’ of strongly marked longitudinal wavy linc.s. 

- SheU-Eyes in other Mollusca. — The Kov. J. E. Tenison- Woods {Trans. Linn. 
Soc. N. S. } Fates t xxii. p. 106) is of opinion that * slicll-eyes ’ arc by no means con- 
fined to the Chitonidac, but that, in fact, multiplicity of eyes of this kind is the 
rule rather than the exception among the Mollusca. He finds (1) exceedingly minute 
and numerous * eyes * on the outer surface of the shell in both univalves and bivalves ; 
(2) large and solitary ^ eyes ’ in the shell substance ; (3) eyes on the mantle lobes in 
both univalves and bivalves ; (4) e 3 'es on the opercula. 

® Mitth. Stat. ZooL Neap. v. p. 447 ff. 
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the siphon, the majority are placed in grooves at the base of the 
siphonal tentacles, forming an intensely black band round them. 
A higher stage still is shown in Soleii vagina^ S, ensis, and Mactra 
solidissima, where the cells are situated only in the siphonal 
grooves, which are more or less specialised in numbers and com- 
plexity. 

Area Noae, according to Patten, is very sensitive to any 
sudden change in the amount of light falling upon its mantle- 
edge. A faint shadow cast upon it by the hand is suflicient to 
cause it to close its valves quickly, but . always one or two 
seconds afterwards, the promptitude in all cases depending upon 
the depth of the shadow. Sensitiveness in this direction was 
found to depend greatly upon the vitality of the animals them- 
selves, since it always became less in those specimens which had 
been kept for long in confinement. A shadow was not always 
necessary to make tlieni close. An ordinary black pencil, if 
approached within two or three inches with extreme caution, 
produced the same result, while a glass rod brouglit within tlie 
same distance, and even moved rapidly to and fro, appeared to 
cause no alarm. Sensitiveness to change in intensity of light 
was experimentally noticed by the same author in the case of 
Ostrea, Mactra, Avicula l^to a special extent), and Cardium, It 
is very remarkable to find that increased elaboration in the 
structure of the eyes does not necessarily carry with it increased 
sensitiveness, i,e, higher visual powers. Avicvla, which is only 
provided with a few scattered ommatidia, which would entirely 
escape the notice of any one who had not seen them better de- 
veloped elsewhere, was considerably more sensitive to light and 
shade than Area, with its eyes of conspicuous size and much 
more perfect organisation, instantly contracting the mantle 
upon the impact of a shadow so faint as to be invisible to the 
experimenter.^ 

Visual Faculties of Solen and Ostrea. — The visual power of 
Solen may be exemplified by any one who is walking along 
almost any of our sandy bays at extreme low-water mark. If 
the. day be warm and sunny, numbers of Solen will be seen 
raising themselves an inch or two out of their holes ; but if you 
wish to catch them you must approach very cautiously, and on 
no account allow your shadow to fall upon them, or they will 
^ W. PatteD, MUih. Zool, Stat, Neap. vi. (1886) pp. 646, 605 f. 
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pop down into their burrows in an instant, and it is vain to 
attempt to dig them out. *How sensitive,* remarks Mr. W. 
Anderson Smith, with reference to oysters,^ ‘ the creatures are to 
the light above them ; the shadow [of the boat] as it passes over- 
head is instantaneously noted, and, snap! the lips are firmly closed.' 

Ocelli of Pecten. — In Pecten and Spondylus the ocelli are 
remarkably large and prominent, shining like precious stones, and 
are placed along the two edges of the mantle so as to receive the 
light when the shell gapes (Fig. 93). In Pecten opercularis, 
jficohaeus, and maximus their number varies from 80 to 120. 
In Spondylus gaederopus, a very inequivalve shell, 60 have been 
counted on the right or fixed valve, and 90 on the left or upper 
valve. Each ocellus is con- 
nected, by means of its 
optic nerve, with the large 
circumpalleal nerve, and so 
with the branchial gan- 
glion. They possess a cornea, 
lens, elioroidea, and optic 
nerve, and, according to Fia. 93. — sliowing the 
Hickson,2 bear a consider- on the two edges of the mantle. 

able resemblance to the vertebrate type of eye. In spite of this, 
the power of vision in these genera does not appear at all superior 
to that of other Pelecypoda. 

According to tlie elaborate investigations of Patten, the 
‘ eyes ’ in Area occur upon the middle or ‘ ophthalmic ' fold of 
the mantle-edge, which is thickened at the end to admit of their 




Fig. 94.— Compound eyes (c.c) of Area harhata L.; wi.f, 
mantle fold ; omm, ommatidia. (After Patten. ) 


reception. Along 
tliis is ranged a row 
of dark brown spots 
of various sizes, 
which are larger at 
the anterior jind 
posterior ends of the 
mantle - edge, but 
smaller and more 
numerous towards 


the middle. These brown spots, or ‘eyes' are many of them 
compound, being made up of the fusion of a number of 


^ Beruierlochf p. 136. 


® Quart. Joum. Mur. Soc. xx. p. 443. 



192 


ORIGIN OF FUNCTIONAL EYES 


CHAP. 


ommatidia (from 10 to 80) into one large round eye, which is 
generally elevated above the surface of the surrounding epithe- 
lium. Sometimes these eyes themselves tend to fuse together. In 
one specimen of Area NoaCy 133 of these faceted eyes were 
counted in one mantle border, and 102 in the other. 

There can be little doubt that the development of these 
functional eyes, or sensitive spots, in bivalve Mollusea, is due to 
special needs. They appear to bo entirely absent in fresh-water 
bivalves (with the exception of Dreissensiay which is obviously a 
marine genus recently become fresh-water), while they are most 
abundant in genera living between tide marks (Solen, Mya, 
Mactra)y and most highly specialised in a genus that is, for a 
bivalve, of singularly active habits {Pecten). Now genera living 
in sand between tide marks, as the three above-mentioned genera 
are in the liabit of doing, and also protruding their siphons, 
and occasionally a considerable portion of their shells, out of their 
burrow, are manifestly very much at the mercy of their watchful 
enemies the gulls, and anything which would enable them to 
apprehend the approach of their enemies would be greatly to 
their advantage. Here, pcrhai)S, lies the explanation of the 
greater elaboration of these pigmented spots in littoral genera, as 
compared with those inhabiting deeper water. Pecteny again, a 
genus distinguished by great activity, which can ‘ fly ’ for con- 
siderable distances in the water by flapping its valves together 
and expelling the water from the apertures at either side of the 
hinge, may be greatly assisted by its ocelli in directing its flight 
so as to escape its enemies. 


HI. Smell 

The sense of smell — touch at a distance, as Moquin- 
Tandon has called it — is probably the most important sense 
which the Mollusea possess, and is unquestionably far more 
valuable to them than that of sight. Any one who has ever 
enjoyed the fun of hauling up lobster pots will recollect that’ 
part of the contents was generally a plentiful sprinkling of 
Puccimiviy NdssUy and Natica, attracted by the smell of the 
stinking piece of fish with which the trap was baited. Accord- 
ing to Mr. J. S. Gibbons,^ Bullia rhodostoma congregates in 

^ Quart. Joimi. of Conch, i. p. 368. 
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hundreds on gigantic medusae which are stranded on the sandy 
bays near the Cape of Good Hope. Dr. J, G. Jeffreys says^ that 
quantities of the common Neptunea antiqua " are procured on the 
Cheshire coast by the fishermen placing a dead dog on the sands 
at low-water mark during spring tides. The bait is then com- 
pletely covered with stones, which are piled up like a cairn. On 
the next turn of the tide the heap of stones is visited, and the 
wlielks are found on the surface in great numbers, having been 
apparently attracted by the smell of the bait, but unable to get 
at it.'' Mr. W. A. Lloyd kept specimens of Nassa reticulata in 
a tank in the sand, at the bottom of which they usually remained 
buried. If a piece of meat of any kind were drawn over the 
sand, the Nassa would appear above the surface in a few minutes. 
TTalf-picked beef or mutton bones, if placed in the tank, were 
coveretl in a lew minutes. In fact, no animal matter, whether 
living or dead, could be introduced without the Nassa smelling 
it, and coming up to sec what they could get.^ 

Any one can experiment for themselves on the oliVurtory 
powers of our common snails or slugs. Moquin-Taiidon records ^ 
two interesting cases, one communicated to him by letter, the 
other occurring to himself. His correspondent, a M. Parenteau, 
was one day walking along a dusty high-road, when he noticed, 
near the middle of the road, an empty bean-pod and two Arions 
eating it. Attributing the meeting of feeders and food to mere 
chance, he was walking on, when he noticed a second bean-pod, 
and, about two yards away from it, a third Arion, hurrying 
straight towards it. When the Arion had yet more than a yard 
to traverse, M. Parenteau picked up the bean and put it in his 
pocket. The Arion stopped, raised its head, and turned in every 
direction, waving its tentacles, but without advancing, M. 
Parenteau then carried the bean to the other side of the road, 
and put it in a small hole behind a piece of stone. The Arion, 
after a moment's indecision, started off straight for the bean. 
Again tlie position of the precious morsel was changed, and 
again the Arion made for it, this time without being further 
tantalised. M. Moquin-Tandon noticed, one rainy day in the 
botanical gardens at Toulouse, two Limax maodmus approaching 
a rotten apple from different directions. He changed the position 

A British Conchology, i. p. xxviii. 

* Science Gossip), 1865, p. 259. * Molhisques de France^ i. p. 130. 

VOL. Ill O 
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of the apple several times, placing it at a sufficient distance, to 
be sure they could not see it, but they always liit it oft* correctly, 
aft^r raising their lieads and moving tlieir long tentacles in every 
direction. It then occurred to Jiiin to hold the aj)plo in the air, 
some centimetres above the head of the Limax. They perceived 
where it was, raised their lieads and lengthened their necks, 
endeavoiu’ing to find some solid body on which to climb to tlieii* 
food. 

Several of the land Mollusca liave the power of exhaling a 
disagreeable smell, Hyalinia cdliaria smelling strongly of garlic, 
and Stenogyra decollata of laudanum ; but this need not be any 
argument for the sense of smell in the creatures themselves. 

Position of Olfactory Organs in Pulmonata. — Most authori- 
ties are of opinion that the olfactory organs are situated in the 
tentacles. Moquin-Tandon considered that in the Ilelicidae and 
Limacidae the sense of smell is confined to the little knob or 
elevation at the end of the longer tentacles, close to the eye. He 
found that when he cait off these tentacles both in LimciO) and 
Avion, the creatines were quite unable to discover the whereabouts 
even of strongly -scented food. The same author l)elieved that 
in the Basommatophora the sense of smell ^vas present in the 
whole of tlie tentacle, which is covered with an exceedingly 
sensitive ciliated epithelium. Laciize-Duthieivs, liowever, places 
the olfactory sense in this group at the outer side of the base 
of the tentacles, near to the eyes. Home authorities ^ deny that 
the Helicidac have the olfactory organ at the tip of the tentacles, 
and locate it in a pedal gland near the mouth, which contains 
conspicuous sensitive cells. A Helix whose tentacles had been 
removed manifested its repulsion to the smeU of spirits of tur- 
pentine, while another Helix, which was unniutilated, did not 
object to the turpentine being held between its tentacles. 
Altogether, then, the exact jiositiou of the smell organ in the 
Helicidae must be considered as not yet thoroughly determined. 
Simroth holds that the sense of smell is distributed over the 
whole soft integument, and is especially concentrated in the 
feelers, and in the neighbourhood of the respiratory orifice.® 

In nearly all marine Mollusca yet examined, the organ of smell 
or osphradium is in situation intimately connected with the 
breathing organs, being generally placed near their base, with the 
* Kg. Socliaczewcr, ZciU. wiss. Zool. xxxv. p. 30. 2 p. 472. 
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object, apparently, of testing tlie cpiality of the water before it 
passes over the branchiae. It consists of a patch of the 
epithelinni, modified in a special manner, and connected by its 
own iu‘rve witli one of the visceral ganglia. 

An osphradiiim does not necessarily o(5Cur in all genera ; for 
instance, it lias not been detected in Fissurella. It is most 
highly specialised in the Conidae, and in the carnivorous 
(lasteropoda generally. In Buccimim •undatnm, for instance, it is 
very large indeed, and, from its plumed form, has sometimes 
been mistaken for an accessory braiichia (Fig. 95). In HalioUs 
it is iiaired, one lying in close proximity to eacli of the two 
liranchiae, but in Turbo it y 

is single, corresponding to 
the single braiichia. In \ 

Chiton there is an osphra- ^ ^ 

dium at the base of each n 


more on eac^h side. Its 

Iinsitidii in nnd in ^5.— mulatum L., deinived of 

liosilion in 1 uysa aim in showing the relative position of 

CyclosUmia will be seen by hmnehia (Ar) and osphradium (o#) ; wj, mucous 

. b. 4 .^ ri: 1 1 glands ; siphon. The portion of the inaiitlc 

iclcrence to Ilgs. 103 and covering the osphradium has been removed, 

104 (p. 205). In the Pele- 

cypoda tlie osphradia are paired, and lie adjacent to the posterior 
adductor muscle, close to the hinder end of the axis of the brancliiae. 
Ill the Tetrabraiichiate Cephalopoda there are two osphradia, placed 
between the bases of the two pairs of gills. In the Dibranchiates 
on the other hand, a groove aliove the eyes has been regarded . as 
the seat of the organ of smell. This groove contains serisory and 
ciliated cells, and appears to be connected with a special nerve 
centre of its own, which ultimately is derived from the cerebral 
ganglion. 

Scarcely any instances of the exercise of the sense of smell on 
the part of bivalve Mollusca have been recorded. Something of 
the sort, however, seems to have teen present in a case related by 
Mr. It. L. King.^ A skull of a fox had been placed in a small 
ditch in order to soak, and after a few days, wlien taken out, was 
foiuid to be covered with Pisidiuni pusillum to the numter of 
at least two hundred, which had been probably attracted from the 

^ Zoolofjist^ iv. i>. 1266. 
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water in the immediate neighbourhood by the smell of the 
decaying flesh. 

IV. Hearing 

Experiments made with a view to ascertain whether the 
Mollusca are sensitive to noises have usually led to the con- 
clusion that they are deaf to very loud sounds. This is the 
more curious, because an undoubted auditory apparatus has been 
discovered in a large number of genera. In the case of an 
experiment, it is not easy to be sure that the animal is not 
affected, at least in part, by the shock or jar, rather than by the 
actual sound. In some experiments, however, conducted at the 
Plymouth Marine Biological laboratory, Mr. Bateson found ^ 
that Anomia could be made to shut its shell by smearing the 
glass of the tank with the finger in such a way as to make a 
creaking sound. It was evident that the cause of alarm was not 
the jarring of the solid framework of the tank, for the same 
result occurred when the object on which the Anomia were 
fixed was suspended in the water by a tliread. It was found 
that the sound had to be of a particular pitch to excite the 
attention of the mollusc. 

As a rule the organ of hearing is nothing more than a small 
vesicle or sac (the otoegst), filled with a fluid secretion, in wliich 
are suspended one or usually more calcareous concretions known as 
otoliths. By means of cilia, which connect with sense-cells, tliese 
otoliths are given a peculiar movement or oscillation in the 
medium in which they are suspended. The number of the 
otoliths varies in different genera and species ; there are several 
hundreds in Avion and Lima^, about a hundred in Helix 
pomatia, nemoralis, hispida, arbustorum, rotundata, Sitccinea 
putris, and Limnaea stagnalis ; about fifty in Planorbis contortus- 
and Physa fontinalis, only one in Cyclostoma elegans. The number 
increases with age. In young specimens of Limn, stagnalis 
as few as ten, nine, and seven have been noticed.® 

The otocysts are always paired, and, in Gasteropoda, are 
placed close to the pedal ganglia. The acoustic nerve, however, 
has been shown by Lacaze-Duthiers to connect with the cerebral 
ganglia ia certain cases. The otocysts are never on the surface 

^ Joum, Mar, Biol. Ass, N.S. i. p. 217. 

2 Moquiii-Taiidon, Moll, de FrancCf i. p. 133. 
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of the body and are rarely eoniiected with it hy any passage or 
tube ; it is probable therefore that sound reaches them simply 
through the iiiedium of the tissues. 

Tn the Pelecypoda the otocyst is similarly situated near the 


h 


a 


Fig. 90. — Illustratinf? the olocyst in A. Anotlonta, Cifclns ; ot, otolith ; h, c, c\ 
oellular layers siiiTomuiiiig the chamber ; c/, cilia on interior walla of chamber ; 
C, an otolith crushed. (After Siiiiroth.) 

pcdiil ganglion, and is probably (though this lias not yet lieen 
provetl) similarly connected with the cerelaal. There is only a 
single otolith. T’elsenecr finds’ in Nuculidae alone a free eom- 
niunication between the otocyst and the exterior. Anodonta has 
b(»eu ol)served 2 to withdraw its foot into tlie shell at the noise 
of an opening door, a loud voice, or a shrill whistle, wliether in 
a liasin of waiter or lying on a study table. 

Delage extirpated the otocysts in certain Oetopoda, and 
obtained some unexpected results. lie found that remarkable 
effects were produced upon the animars pow(Ts of locomotion, so 
that it was unable to preserve its projier balance iu the water 
when in rapid motion, but its body was forced to undergo a form 
of rotation more or less pronounced. He concluded that the 
otocysts must possess, besides their auditory functions, a power 
which stands in some relation to the proper orientation of the 
body in locomotion, a power which is not wliolly supplied 1)y 
sight and touch alone. The otocysts may thus regulate locomo- 
tion by stimulating muscular acts which tend to keep the body 
iu the straight line during the jirocess of movement.* 

^ Zi»ol, Jahrh. Ana/., iv. (1890) p. 601. ® Bandon, Rev, Mag, Zool, 18.62, p. 675. 

^ Arch. Zool. Rjrp. ii$n, (2) v. 1887, p. 2 ; compare also C. H. Hurst, Natural 
Science, ii. pp. 3.60, 421. 
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The Foot 

One of tlie moat characteristic organs of tlie Mollusca is the 
foot, which, under one form or anotlier, occurs throughout the 
whole pliylum. The foot is a tliickeiiing, on the ventral side, 
of a portion of the integument of the animal, modified to serve 
different forms of motion. It attains its maximum relative area 
ill the Chit<midae, many Nudihranchs, aiul the slugs generally, 
in nenrly all of which tliere is no ]K»rtion of tlie body whicli is 
not suhteiided by tlie foot. Here too it presents the form of a 
regular disc or ellipse, which is more or less produced. In many 
cases, however, the foot liecomes modified in such a way that 
we are enabled to recognise well-marked anterinr and jiosterita* 
portions, which have received the name of and meta- 



Fig. 97. — Sigaretus laevigdtus Lam., showing excessive development of the propodiuiii 
(^/*) and metapodium {met) in a mollasc living in sand (the shell, which covers 
only the liver and adjacent parts, has been removed); liver; s.ap, aperture 
of proboscis, here dellected from the median line ; t, t, tentacles. (After Quoy and 
Gaimard. ) 

podium respectively, while the intervening central portion is 
termed the meHopodinvi, 

The propodiuin is most strongly developed in genera which 
crawl about in wet sand, e.g. Natica, Sigaretus, Oliva, Harpa, 
Scaphander 97 and 98, and compare Tig. 91). In such cases 

it seems to serve as a sort of fender or snow-plough, to push the 
sand away on lioth sides of tlie path the animal is traversing. 
In some species of Sigaretus the propodium becomes as it were 
banked up against the head and proboscis, which are thus 
unnaturally elevated, or tend to disappear altogether. Bullia 
(Fig. 62), which crawls aliout rapidly 011 wet sand, appears 
to attain its object by a wide extension of the foot on all sides, 
^nd so slides over the sand insteail of ploughing through it ; 
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tlm littli? InppetK at the end of the ‘tail* ]>robal)ly serve as 
rudders. 

Ill and Pcdi^cs tlie propodiiim is marked oft* by 

a groove across the ventral surface. When tlie animal is in 
motion it first advances the propodium and then pulls the rest 
of tlu^ foot after it with tiu', looping gait of certain caterpillars, 
in many ( Velostomatidae this groove, instead of lieing transverse, 
is longitudinal, and the animal advances lirst the right and then 
tla^ lt‘ft segment of the foot, which gives it a swaying motion 
Jroni side to side. 

Upon the metapodium lies the o})erculum, when it occurs. 
vVs ti rule tlie metapodinm is not sharjdy marked off from tlie 
lest of the foot. In Hfnnnhttii (Fig. ft!)) it liecomes erected 



Fi*i. PS . — (Him (cxtHitui Lam., showing how tlu* Trout part of the foot (/) U developeil 
into a sort of fender, tlie pro|)odiuiii (pr) : r, f\ eyes ; Trout appendage of 

uiaiitlu ; hinder appendage of mantle, fuldiMl into the suture wlieii the 

animal is at rest ; si^ siphon ; /, /, tentacles. (After Quoy .and (laimnrd.) 

into a sort of lium]) or column, <»n the top of wliicli tla* opercu- 
lum is situated. 

The epipodufm is a jirominent fold or border, which CK'curs 
upon tli<j u])pi‘r (‘<lge of the foot in most 1 )iotocar<lia. In 
HidiotiH it is ol' considerable breadth, and is cov<‘red by a 
number of lol»es which spring from a moss-like prolongation <»f 
tlie skin. From the epipodium are develope*! the lateral tenta- 
culae {.)i,M(modo 7 ita (Fig. 82, p. 178), and of other suV)genera of 
the Trochidae.^ 

In the Opisthobranchiata the lateral edges of the foot (tlu^ 
27a7*apodia) are freipiently proihu^d into liroad folds or wing- 
like extensions, which in many cases tend to fold over the shell, 
and, in conjunctioh with the mantle, eventually imbed it 
altogether. Ily the W’avy motion of the parapodia the animal is 
^ Coinpiirc Pelseiieer, Set. Fr, Brhj, (3) xLx. pp. 107, 182. . 
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enabled to progress through the water. I'lie paired natatory 
lobes of tlie Pteropoda are simply the parapodia of the Tecti- 
branchs modified for swimming purposes. 

It is in the Heteropoda, Pteropoda, and most of all, the Cephalo- 
poda, groups whicli liave, for the most part, exchanged a crawling 
for a swimming life, that the modifiwitioiis of the foot are most 
considerable. In 0,nj gyrus and Atlanta, for instance, the 
propodium and metapodium arc sliarpl}' distinguislied from the 
mesopodiuin, and no doubt have accpiired, as a means of pro- 
pulsion, tlie power of separate movement, the animal swimming 
with these portions of tlie foot uppei*most. In Carmaria and 



I«'ro. 99. — Stmnhifs lentigi- 
nosus Lam., showing t)ie 
modified form of tlie foot 
(/) : r, #», eye.s on their 
2 icdicel« ; inetai^odium ; 
op, operculum ; penis ; 
pr, proboscis ; t, tentacles. 
(After Quoy and Gaimard. ) 


Pterotrachea tlie metapodium has probably become (*ontinuous 
with the long axis of the liody, while the so-called ‘ foot ^ with 
its sucker represents only the original propodium. In the 
Cephalopoda the arms and funnel represent the modified foot, 
the sides of which are prolonged into a number of very long 
specialised tentaculae. In the adult Cephalopod some of the 
arms have assumed a position in advance of the mouth, the latter 
being in fact surrounded by a circle of arms. But in the 
Cephalopod embryo the mouth opens as in the Oasteropoda, i.e. 
in advance of the arms, and it is only gradually that it becomes 
encircled by them. Arms and funnel alike are found to be 
innerved from the pedal ganglion.^ 

^ Pelseiieer, Arch,. Biol. viii. p. 723. 
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The pointed axe-aliaped foot, whicli is characteristic of the 
majority of Pelecypoda, is doubtless derived from a form iiiore 
akin to the flattened ' sole ' of the Gasteropoda. A foot with 
sometliing of this disc-shaped base actually occurs in some of the 
Nuculidae, the parapodia l)eing furnished with pleats which 
recall similar formations in other Orders (Fig. 100). Tlie principal 
juodifications of the foot are due to its employment as a 
burrowing organ. In genera which l)urrow but slightly it is 
small and feebly developed, while in genera which liabitually 
excavate, it l)ecomes tlie largest and strongest organ of the body. 
At tlie same time it has a tendency to shift its position from the 



Fig. 100 . — Yoldia Umatula Say, 
Greenland, allowing the short 
plumed brancliiae (hr^ hr)^ tho 
gasteropodouH foot {/), and 
the large labial palps (^.p, 
I.})) : A, as seen from the ven- 
tral margin ; B, from the lei't 
side, with the mantle turned 
back ; r(./n, position of an- 
terior adductor muscle ; /, 
intestine ; liver ; ?/i, 7n, 
mantle. 


ventral to the anterior margin, accompanied by a corresponding 
narrowing of tlie sliell, until it arrives fit tlie positiem seen in 
Mollusca of tlie sliape of My a, Fholas, and Solen. In sedentary 
or attaclied genera., e.g. Fccten, Chama, Ostrcdy the foot tends to 
become aborted. 

The byss'us yland, secreting a hyssns of liorny tli^eads, is 
characteristic of many Pelecypoda, and may lie observed by any 
one ill the comnion mussel. It occurs in the larvae of many 
species wliicli do not possess a byssus in the adult stage. The 
pedal gland of many rrosohranchiates, which secretes a tough and 
almost thread-like slime, is possibly liomologous with the hyssus 
gland of bivalves. 


Nervous System 

The Mollusca possess a nervous system, which usually consists 
of a number of nerve centres or ganglia, linked together by bands 
(the commissures) and sending out thread-like nerves which 
ramify into the various organs. The character of tlie nervous 
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system varies greatly in dilferent grijups, ranging as it does from 
a condition of extreme complexity, in which the ganglia are 
numerous and the commissures equally so, to that of considerable 
simplicity, in which ganglia are alnK)8t entirely absent. 

The most important ganglia are (1) the cerehral-} which are 
always placed above or on either side of the mouth, and from 
which proceed the nerves of the eyes and tentacles ; (2) the pedal, 
whicli in Gasteropoda are situated l)elow the oesopliagus, in 
Pelecypoda at the base of the foot, and from which the nerves of 
the foot and sometimes the acoustic nerve arise ; (3) the pleural,^ 
wliose position varies considerably, but is always below the 
oesophagus and slightly above the pedal ganglia ; these innervate 
the mantle, branchiae, heart, and viscera generally. 

Gasteropoda. — The simplest form of nerve system as thus 
understood o(icurs in the Amphineura, and more particularly in 
the Chitons. Here we find four longitudinal nerve-cords, parallel 
to one another for nearly the whole length of the mollusc. The 
two exterior cords probably represent the pleural, the two interior 
the pedal nervous system. Tlu^re being no head or tentacles, but 
simply a mouth at the antei’ior end, the cerebral ganglia do not 
exist, but they are represented by the curved ring formed by the 
massing together of the two nerve-cords on each side. The only 
distinct ganglia are a pair of buccal ganglia (which are developed 
on a irah of commissures which pass forward from the cerebral 
mass and iiiiiervate the lips and buccal region), and a much 
smaller group, the sublingual. The two pedal cords are united by 
a number of transverse parallel connectives, which recall similar 
modes of connection in the Chaetopod worms and in Arthropoda. 

Tliis (juadruple set of nerve-cords is characteristic of all the 
Amphineura, but the .absence of ganglia is most marked in the 
Chitons. In Proneomenia and Neomenia there is a distinct 
cerebral ganglion, formed by the massing of the two ganglia intf) 
one, while in Proneomenia the lateral cords are joined to the 
pedal, as well as the pedal to one another, by connectives. In 
Chaetoderma the cerebral ganglia, though adjacent, are distinct, 
and . both the pedal and lateral cords connect directly with them, 
while there are no transverse connectives. 

^ Also known as labial and swpra-oeacfplmgeal ganglia. 

- Wiv^n, however (K, Sv. Vet, Ah, Ua'ndl, xxiv. 1892, No. 12), describes trans- 
verse connectives in (Jhaeloderma, 
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The reiiiaiiiiiig tlirce great divisions of (Gasteropoda, namely, 
the Ih’osobranehiata, Oi)istliobranchiata, and Ihdmonata, may l)e 
regarded as comprising two distinct tyjies of nervous condition, 
accoriling as the lonp formed by the two visceral nerve cords is 
twisted over itself, forming a figure of 8, or continues straiglit 
and uncrossed. In the former case, we get tlie condition known 
as streptoncuTona, in the latter that as euthyneiiroifs} Tin* 
Eifthyneura include the whole (»f the Opisthobranchiata and 
Pulmonata, the Strepto'iieimi all the rrosobranchiata. 



Kkj. 101. — Nervous system of the Ampliiiieuru : A, Pi'cneonietiui ; B, Neofmema; C, 
ChHeloilenna j D, Chiton; r, cerebral ganglia; ^ lateral cords; pc, posterior 

commissure ; s, sublingual coinniissute or ring, with ganglia ; r, /*, pedal cords. 
(After Hubrecht.) 


The simplest form of nervous system in the eutJiyneurous 
(Gasterojioda. occurs in the Oi)isthol)ranchiata. The ccu’chral, 
pleural, and pedal ganglia tend to Ijecome concentrated in a riiig- 
like form, united hy short commissures at the posterior end of 
the pharynx. I'he visceral loop is in some cases long, and the 
two or thrc^i^ visceral ganglia are tluui situated at its posterior 
(‘xlreniity. The nervous system of the Pulmonata is of a similar 
type, the visceral loop lieing often mnch shorter, ami tending to 
draw in towards the central group of ganglia. The tentacular 
and optic nerves are, as usual, derived from the cerebral gang- 
lion, wuth which also the otocysts are probably connected by 
rather long nerves. A pair of Imceal ganglia innervate the 
buccal mass, and are uniteil by commissures with the right 
and left cerebral ganglia. The osidiradial nerve springs from one 

^ o-rpeTTr^s, twisted ; straight. 

• With the cxocption of Actdeon, which is streptoneurous (Bouvicr, (Jmnpten 
liciKlp.% cxvi. p. 68). 
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of tlae ganglia on tlie visceral loop, the osphradium itself 
being situated (in Limnaea) iinniediately al)Ove the pulmonary 
orifice a,nd adjacent to the anus (Fig. 102). Tliis massing 
of the ganglia is still better illustrated by the aceompanying 
figun*. riiysa (Fig. lOo), in which the animal is represented as 
if transparent, so that the ganglia and nerves are seen through 
the tissues. 

Of th(i streptoneurous ( histeropoda, tliti nervous system of 

Frc;. 102. — T. Nervous system of 
Limnaea stfnjnalis 1j. The 
oeso 2 ihaf,Mis has been out and 
))iillcd forwards through tht^ 
nerve-collar, so as to expos*? 
tlie lower surface of the* buccal 
mass (dissected by F. 13. Stead). 
B.M, buc(‘>d mass. 

B.G.buccral, C.G, cerebral, Os.G. 
osidiradial, Pe.G, pedai 
ganglia. 

P1.G, pleural ganglia. 

Op.N, optic, Os.N, os]»hradiaI, 
Te.N, tentacular nerve. 

Ot, otoeyst ; V.L, visceral loop. 
R, rectum, dotted in to show 
its po.sition relative to the 
osi)]jradium. 

Tl. Uiglit side of the head of Lint- 
naca .starpmUs. The over- 
hanging Hap of the mantle has 
been cut in the middle line, 
and the right lialf twisted 
back, so as to exi)o.se the pul- 
monary orilicc, et(?. The 2 >oints 
A A on the mantle edge were 
continuous before the mantle 
was cut ; the line BA is part 
of the fl ee edge of the mantle. 

Axi, anus ; F, female genera- 
tive orilit:e ; J, ])ortinii of jaw ; 
M, male generative orilici*, under 
right tentacle ; Os, osphradium ; 
P.0, pulmonary orifice. 

Flssurella and Ilaliotis shows distinct points of similarity to that 
(»f the Amphineurfi. The pedal nerves arc united by transverse 
commissures througliout their entire length, while a double com- 
missure unites the cerebral ganglia to the mass from which tlie 
pedal nerves proceed. Tn. tlie great majority of tlie Streiitoneura 
tlie ganglia (except the visceral) are more concentrated and tlie 
commissures are consequently much sliorter. The accompanying 
figure of Cyclosfoma, in which the animal is represented as in tliat 
of Physa just described, illustrates this grouping of the ganglifi, 
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the twist of the visceral loop, and the position of the visceral 
ganglion at its posterior end. 

Scaphopoda. — In tlie Scaphopoda the nervous system resem- 
bles that of tlie Velecypoda. The cerebral ami pleural ganglia lie 
close together, while the pedal ganglia are placed in the anterior 
part of the foot, connected with the cerelwal ganglia by long 



Fig. 103. — Nervous system of Phi/s(f 
aruta Drap., .sliowiiif? the inas-sin^ 
of the fraiiglia at the liimler end of 
the pliaryiix: e, eyes; in, nioutli ; 

m.l, m.l, mantle 1appfd.s ; v.f, female 
generative orifice; o.in, male gen- 
erative orifice ; o.v, osphradiuin. 
(After Lacaze-DuthiersO 


Fig. 104. — Example of a slrciitoneiirous 
Gasteroi)Oil (Cyclostoma elcgans Drap.) : 
C.17, c.ff, cerebral ganglia ; e, e, eyes ; os, 
osphradiuin ; ot, of, otocysts ; p.g, 2^-lfy 
pedal ganglia ; jd.g, pl,g, ])leural ganglia ; 
sp,(j, siipraintestirial ganglion ; sh.y, sub- 
intestinal ganglion ; t.n, tentacle nerve ; 
v,g, visceral ganglion. (After Lneaze- 
Duthiers.) 


cornmissures ; the visceral looi) is rather long, and the two vis- 
ceral ganglia are adjacent to tlie anus. 

Pelecypoda. — The nervous system in the Pelecypoda is the 
simplest type in which well-marked ganglionic centres occur. The 
ganglia are few, symmetrically placed, and are usually at a con- 
siderable distance apart. There are, as a rule, three distinct pairs 
of ganglia, the cerebral (cerehro-pleural), pedal, and visctiral. Tin*, 
cerebral are formed by the fusion of the cerebral and pleural 
ganglia, which however, in some cases (rrotohranehiata) continue 
distinct.^ They lie above or on each side of the mouth, united 
' This fusion of the cerebral and pleural ganglia and the coiiserinent union of the 
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hy a comiaissure o{ varying length. Another pair of com- 
niissures unites them with the pedal ganglia, which arc placed 
at the base of the foot, and are usually xevy close together, 
sometimes (as in Anodonta) l>ecoming partially fused. Tlie 

length of these commissures de- 
pends upon the distance l>etween 
mouth and foot ; tlius they are 
very long in Mya and Modiola, 
and very short in Fecteiu In 
cases wlicre the foot is rudimen- 
tary or Ixjcoines aborted througli 
disuse (e.g. Ostrea), the pedal 
gjinglia may dwindle or disappear 
altogether. 'Flie visceral ganglia 
are on the ventral side of the 
posterior adductor muscle, beneath 
the rectum, and innervate the 
ln’anchiae, osphradia, and the 
whole of the visceral sac. A pair 
of cerebro - visceral coi in n issurt^s 
traverses the base of tlie foot, 
surrounding it witli a compara- 
tively short loop (compare Fig. 
106 , (J.v.c'), while a long commis- 
sure, which runs round the entire edge of tim mantle, and sup- 
plies branching nerves to the mantle Ixirdcr and siplions (rig. 
106 , c.v,c), may also connect the visceral and cerebral ganglia. 

OephalopodaN — In the Cephalopoda the concentration of 
ganglia attains its maximum, and may perhaps be regarded as 
approacliing the point at wliich a definite brain may be siiid to 
exist. Another point of distiuctiou is tlie formation of special 
small ganglia upon the nerve cords in ilifferent parts of the body. 
In the Tetrabranchiata {Nautilusi) the cerebral and pedal ganglia 
form a broad ring which surrounds the oesophagus, the former 
giving out the optic ne^'ves, with their special optic ganglion, and 
a pair each of Imccal and pharyngeal ganglia, the latter the 
nerves of the arms and funnel. The visceral loop is still present 
in the form of a separate band, which innervates the branchiae, 

(;crebra-i)edal and plcuro-pcdal coiiimissurea can be recognised by sections of the mass 
( Pelscnccr, Comptes Jieiuhis, cxi. p. 245). 


Kio. 106. — Nervous system of Pelecy- 
poda : A , Teretlo : B, A nmlopta ; 
Cf Pecten ; a, a, cerebral ganglia ; 
b, pedal ganglia ; t\ visceral ganglia. 
(After Gegeiibaur.) 
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osphradia, and viscera generally, forming a special genital gang- 
lion in connection with tlie reproductive organs. The principal 
ganglia of the Dibrancliiata are still more concentrated, even 
the visceral loop l)eing possibly united with the rest in forming 
an unbroken mass in wiiicli r*.cjir(xdy any trace of commissures 



Kk . 10t>, — Nervous system of Cardium edide L.: a.m, uuterior adductor muscle ; br, 
liraiichinj ; branchial nerve; c,(/, c,g, cerebral gaiij^lia ; c,p,c, cerebro-pedal 

coiiind8.sure ; c,v,c\ cerebro-visceral commissure ; cerebro-Visceral comiuissun^ 
of mantle ; I.p, labial ^xilps ; w, month ; p.g, pwlul ^an^lion; iMJsturioradduelor 
muscle; v.r/, visceral ganglion. (After Drost, x‘l. ) 

ciin Ixj detected. Tlie pedal ganglion becomes sepiratetl into 
two portions, one of which innervates the arms, tlie. other tlie 
funnel. Two peculiar ganglia (the stellate ganglia) supply a 
number of branching nerves to the mantle. 
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CHAPTER VIII 

THE DIGESTIVE ORGANS, JAW, AND RADULA : EXCRETORY ORGANS 

The digestive tract, or, as it is often termed, the alimentary canal 
or gut, is a very important feature of the Mollusca. It may be 
regarded as consisting of the following parts : (1) a mouth or oral 
aperture; (2) a throat or pharyux; (3) an oesophagus, leading into 
(4) a stomach, (5) an intestine and rectum, ending in (G) an 
anus. 

The primitive positions of mouth and anus were presumably 
at the anterior and posterior ends of the animal, as in the 
Amphineura and symmetrical Mollusca generally. But the 
modifications of original molluscan symmetry, which have already 
been referred to (p. 154, compare pp. 245, 246), have resulted in 
the anus becoming, in the great majority of Gasteropoda, twisted 
forward, and occupying a position on some point in the right 
side in dextral, and in the left in sinistral species. 

The process of digestion, as the food passes from one end of 
the tract to the other, is performed by the aid of the secretions 
of various glands, which open into the alimentary , canal at 
different points in its course. The principal of these are the 
salivary glands, situated on the pharynx and oesophagus, and 
the liver, biliary or hepatic gland, connecting with the stomach. 
With these may be considered the anal and ink-glands, which, in 
certain genera, connect with the terminal portion of the rectum. 

1. The mouth is generally, as in the common snail and peri- 
winkle, placed on the lower piirt of the head, and may be either 
a mere aperture, circular or semicircular, in the head-mass, or, ats 
is more usual, may be carried on a blunt snout (compare Fig. 6, 
p. 10, and Fig. 68, p. 159), which is capable of varying degrees 
of protrusion. From the retractile snout has doubtless been 
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derived the long proboscis which is so prominent a feature of 
many genera (compare Figs. 1, B, and 99), and in some (e.g. 
Mitra, Dolium) attains a length exceeding that of the whole 
body. As a rule, Mollusca provided with a proboscis are carniv- 
orous, while those whose mouth is on the surface of the head 
are vegetable feeders, but this rule is by no means invariable. 
The mouth is thickened round the aperture into ' lips,’ which arc 
often extensile, and appear capable of closing upon and grasping 
the food. In the Pelccypoda the mouth is furnished, on each side, 
with a pair of special external lobes, the ‘ labial palps,* which appear 
to be of a highly sensitive nature, and whose object it is to collect, 
and possibly to taste, the food before it passes into the mouth. 

2. The Pharynx, Jaws, and Radula , — Immediately behind the 
lips the mouth opens into the muscular throat, pharynx, or 
buccal mass. The pharynx of the Glossophora, i.e. of the 
Gasteropoda, Scaphopoda, and Cephalopoda, is distinguished from 
that of the Pelecypoda,^ by tlic possession of two very ciharacteristic 
organs for the rasping or trituration of food before it reaches the 
oesophagus and stomach. These are {a) the jaw or jaws, and 
(V) the radulaf odontophore, or lingual ribbon. The jaws bite 
the food, the radula tears it up small before it passes into the 
stomach to undergo (tigestion. The jaws are not set with teeth 
like our own ; roughly speaking, the best idea of the relations of 
the mollusean jaw and radula may be obtained by imagining our 
own teeth removed from our jaws and set in parallel rows along 
a greatly prolonged tongue.® 

In nearly all land Pulmonata the jaw is single, and is placed 
behind the upper lip. If a common Helix aspersa be observed 
crawling up the inside of a glass jar, or feeding on some succu- 
lent leaf, the position and action of the jaw can be readily dis- 
cerned. It shows very black when the creature opens its mouth, 
and under its operation the edge of a lettuce leaf shows a regular 
series of little curved indentations, in shape not unlike the semi- 

^ There is practically no pharynx in the Pelecypoda, the mouth opening directly 
into the oesophagus. 

“ ® Radere, to scrape ; 6boM, tooth ; ipipciv, to carry. 

^ The mcclianism of the radula has been dealt with by Geddes, Trails. ZooU Soc. 
X. p. 485. Rilckcr has observed (Ber. Oherhess. Gescll. Nat. Hcilk. xxii, p. 207) 
that the rndula in Helix poimtia is the product of five rows of cells ; the use of the 
first row is uncertain, the second forms the membrane of the raduln, while rows 
three to five originate the teeth. 
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circular bites inflicted by a schoolboy upon his bread and butter. 
The jaw of Helix (Fig. 107, B) is arched in shape, and is 
strengthened by a number of projecting vertical ribs. That of 
Limax (A) is straighter, and is slightly striated, without vertical 
ribs. In Bidimulus (C) the arch of the jaw is very conspicuous, 
and the upper edges are always denticulated ; in Orthalicus there 
is a central trangular plate, with a number of overlapping plates 
on either side ; in Succinea (E) there is a large square accessory 
plate above the jaw proper. The form of the jaw is peculiar not 



Fig. 107. — Jaws of 
various Piiltnon- 
ata : A, Lima.c 
(fjngates l)ra]). , 
Lancashire, x 15); 
B, Helix (acutis- 
sima Lam., Ja- 
maica, X 15); C, 
JJulwiulns (<le- 
pictus Reeve, 
Venezuela, x 20); 
D, Achatina 
(fulica Fih'., Mau- 
ritius, X 7) ; E, 
Siiccinea (elegamt 
Riss., Aral Dis- 
trict, X 30) ; F, 
Limnaea (stag- 
nalis L., Cam- 
bridge, X 30). 


only to the genus but to the species as well. Thus the jaw of 
H. aspersa is specifically distinct from that of H pomaiia, and 
that of H nemoralis is distinct from both. Wiegmaiin lias 
observed^ that in young Avion, Limax, and Helix, tlie jaw 
consists of two pieces, which coalesce by fusion in the adult, 
thus indicating a stage of develojiment in advance of the double 
jaw which is found in most of the non-pulmonate Mollusca. In 
all fresh-water Puliuonata there are two small accessory side 
plates besides the jaw proper (Fig. 107, F). 

Nearly all the non-carnivorous Prosobraiichiata, land, fresh- 
water, and marine alike, are provided with two large lateral jaws. 

^ Jahrh. Dent, Malak. Gesell, iii. p. 193. 


2 12 JAWS IN PROSOBKANCniATA AND OPISTIIOKRANCHIATA CH. 


Many of tliese are sculptured with the most elaborate patterns, 
and appear to be furnished with raised teeth, like a file. In the 



Fig. 108.— Jaws of A, Triton australis Lara., Sydney ; B, Amjmllaria fasemta Reeve, 
Ueiiierara; C, CaWosUma puHctuUiiiniL Mart., New Zealand; D, Ct/dopho/us 
atravientanus Sowb., Saiigliir; all x 15. 



Fio. 109. — Jaws of A, Chro 7 nodoris gracilis Iher., x 15 ; B, Scyllaea pdagica L., x 7; 
C, PlcuTobranchus phunula Mont,, x 10 ; D, Pleiirobi'anchaea Meckelii Lam., x 4 -. 

Nudibranchiata the jaws are of great size aud beauty of oma. 
luentatiou (Fig. 100). 
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The carnivorous genera, whether marine (e.g. Conus, Murex, 
Buccinum, Nassa) or land (e.g. Testacella, Glandina, Streptaoyis, 
Ennea), are entirely destitute of jaws, the reason probably being 
that in all these cases the teeth of tlie radula are sufficiently 
powerful to do the work of tearing up the food without the aid 
of a masticatory organ as well. Jaws are also wanting in the 
Heteropoda, and in many of the Nudibranchiata and Tecti- 
branchiata. 

In the Cephalopoda tlie jaws, or ‘ beaks,’ as they are called, 
are most formidable weapons of attack. In shape they closely 
resemble the beaks of a parrot, but the hook on the dorsal side 
of the mouth does not, as in birds, close over the lower hook, 
but fits under it. Powerful muscles govern these mandibles, 
which must operate with immense effect upon their prey (Fig. 110). 

The Radula} — When the food has passed beyond the opcra- 


^ The whole of the raclulae aiul jaws figured in this work are taken from the 
original specimens in the collection of the Rev. Prof. If. M. Owatkin, who has 
always been ready to give nio the run of his cabinets, whicli probably contain the 
finest series of radulae in the world. To his kindness I owe the following descrip- 
tion of the process of mounting : ** The first step is to obtain the radula. Dissection 
is easy in species of a reasonable size. On opening the head from above, so as to 
lay open the floor of the mouth, the radula itself is scon in most of the marine 
species, though in others it is contained in a sort of proboscis ; and in the Pulmonata 
and others the student will find the buccal mass, with commonly a brown mandible 
at its front end, and the lingual ribbon in its hinder part. The teeth may be recog- 
nised by their silvery whiteness, except in a few cases like Patella and Chiton, where 
they are of a deep brown colour. When obtained, the raciula may be cleaned by 
boiling in a solution of caustic potash. There is no risk of injury if the solution is 
not too strong. 

“ Smaller species may be treated more summarily. The proboscis, the l)uccal mass, 
or even the whole animal may be thrown into the potash solution and boiled till 
scarcely anything is left but the cleaned radula. licmains of animals dried inside 
the shell may be similarly dealt with, after soaking in clean water. With a little 
care, this process will answer for shells down to the size of Ancylus or Ilissoa, The 
very smallest {Carychium, Torimtcllina, Skenca, etc.) must be crushed on the slide 
and boiled on it, after removing as much as possible of the broken shell. The 
radula can then bo searched for under the microscope, and washed and mounted on 
the slide. 

“The student must be warned that though the general process is simple, there 
are difficulties in particular case.s. In the Pulmonata, for example, membranes on 
both sides of the radula need careful removal. Murex, Purpura, and most of the 
Taenioglossa have the side teeth folded down over the central, so that the arrangement 
is not well seen till they liave been bimshed back. The Cones, again, have no basal 
membrane at all, so that if the potash is not used with great care, the single teeth 
will fall asunder and be lost. Perhaps the worst ca.se is where a large animal has 
a radula as small as that of a Rissoa like TurritcUa, Harpa, or StriUhiolaria, or 
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tioii of the jaw, it comes within the province of the radula, tlie 
front part of which perhaps co-operates to a certain extent witli 



Fio, 110.-- Jaws of Sepia \ A, in situ 
witliiii the buccal mass, several of 
the arms having been cut away ; 
B, removed from the mouth and 
slightly eulargetl. 



Fki. 111. — Valella vuhjata L., show- 
ing the normal position of the 
riulula, wliicli is dopbled back in 
a bow ; the shell has been re- 
moved, and the whole visceral 
mass is turned forward, exposing 
the dorsal surface of the muscular 
foot : </r, longitudinal groove on 
this surface ; /, intestine ; I, 
liver ; m, mantle edge ; imij 
muscles (cut through) fastening the 
visceral mass to the upper sides of 
the foot ; or, ovary r, radula ; 
ui>per or dorsal surface of the foot. 


the jaw ill performing tlie biting process. Tlie function of the 

where the radula is almost filmy in its transparency, like those of Actaeoii and tho 
small Scalaria. 

“^yhen once the radula is laid out, the mounting is commonly easy. Canada 
balsam makes it too transparent. Fluids may be used, and are almost necessary for 
thick radulae like those of large Chitons; but the best general medium is glycerine 
jelly. It runs under the cover glass by capillary attraction, and may bo boiled 
(though only for a moment) to get rid of air bubbles. It sliould then be left un- 
finished for several weeks. If cracks appear, the reason is either that the jelly is a 
bad sample, or that it has been boiled loo long, or (commonly) that the object is too 
thick ; and there is not often any difficulty in remounting. 1 have no serious com- 
plaint of want of permanence against the medium, if I may speak from a pretty 
wide experience during tho last twenty yeara.” 
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radula as a whole is to tear or scratch, not to bite ; the food 
passes over it and is carded small, the effect being very much the 
same as if, instead of dragging a harrow over the surface of a 
field, we were to turn the harrow points upwards, and then drag 
the field over the harrow. 

The radula itself is a band or ribbon, of varying length apd 
breadth, formed of chitin, generally almost transparent, some- 
times beautifully coloured, especially at the front end, with red 
or yellow.^ It lies enveloped in a kind of membrane, in the floor 
of the mouth and throat, being quite flat in the forward part, but 
usually curving up so as to line the sides of the throat farther 
back, and in some cases eventually forming almost a tube. The 
upper surface, i.e. the surface over which the food passes, is covered 
with tcetli of the most varied shape, size, number, and disposition, 
which are almost invariably arranged in symmetrical rows. 
These tcetli are attached to the cartilage on which they work by 
muscles which serve to erect or depress them ; probably also the 
radula as a whole can be given a forward or backward motion, so 
as to rasp or card the substances which pass over it. 

The teeth on the front jiart of the radula arc often much 
worn (Fig. 112), and probably fall away by degrees, their place 
being taken by others successively pushed up from behind. At 
the extreme hinder end of the radula the teeth are in a nascent 
condition, and there are often as many as a dozen or more 
scarcely developed rows. Here, too, lie the cells from which the 
teeth are originally formed. 

The length and breadth of the radula vary greatly in different 
genera. In Littorina it is very narrow, and several times the 
length of the whole animal It is kept coiled away like a 
watch-spring at the back of the throat, only a small proportion 
of the whole being in use. I have counted as many as 480 rows 
in the common Littorina littorea. In Paidla it is often longer 
than the shell itself, and if the radula of a large specimen be 
freshly extracted and drawn across the hand, the action of the 
hooks can be plainly felt. In Aerojje, the Turbinidae generally, 
and Haliotis it is very large. In Turritella, Aporrhaia, Cylichna, 

^ Tho substance both of the jaw and radula is neither crystalline nor cellular, but 
laminated. Chitin is the substance which forms the ligament in bivalves, the 
‘pen* in certain Cephalopoda, and the operculum in many univalves. Keithcr 
silica nor keratine enter into the composition of the radula. 
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Struthiolaria, and the Cepiialopoda it is small in proportion to 

the size of the animal. In the Piil- 
monata generally it is very broad, 
the length not excfeeding, tis a ride, 
thrice the breadth; in most other 
groups tlie breadth is inconsider- 
able, as compared to the length. 

The radula is wanting in two 
families of l*rosobranchiata, the 
Eulimidae and Pyramidellidae, 
wliich are consequently grouped 
together as the section C4ynino- 
glossa. It is i)robable tliat in' 

these cases the radula has aborted 
Fia. 112. — Example of a front iMutiou it ji ■ i i 

of a radula (Canthurvs rinyena tlllOUgh dlSUSe, tllO aillinals lia\ - 

Reeve, Panama), much worn by use. ing talam to a food which does liot 
' * reqiiii'c trituration. Thus several 

genera contained in l)oth thesis families are known to live para- 
sitieally upon various animals — Ttolothurians, Echinoderms, etc. — 
nourishing themselves on the juices of their liost. In some cases, 
tlie development of ^ special suctorial proboscis compensates for 
the loss of radula (sec pp. 7 G-77). In Hmya there is no radubi in 
the adult, though it is present in the young form. No explana- 
tion of tliis fact lias yet been given. It is also absent in the 
Coralliophilidae, a family closidy akin to rmynra, but invariably 
parasitic on corals, and probably nourished by their exudations. 
There is no radula in Entocomha, an obscure form parasitic on 
the Idood-vessels of Synapta^ or in Neomenia, a genus of very low 
organisation, or in the Tethyidae, or sea-hares, or in one or two 
other genera of Nudibranchiata. 

The number of teeth in the radula varies greatly. When the 
teeth are very large, they are usually few in number, when small, 
they are very numerous. In the carnivorous forms, as a rule, the 
teeth are comparatively few and powerful, while in the phyto- 
phagous genera they are many and small. Large hooked and 
sickle -shaped teeth, sometimes furnished with barbs like an 
arrow-head, and poison-glands, are characteristic of genera which 
feed on flesh ; vegetable feeders, on the contrary, have the teeth 
rounded, and blunter at the apex, -or, if long and narrow, so 
slender as to be of comparatively little effect. Genera which are 
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normally vegetarian, but which will, upon occasion, eat flesh, e.g. 
Idmcuc and Hyotlinia, exhibit a form of teeth intermediate 
between these two extremes (see Fig. 140, A). 

In ChMetoderma there is but one tooth. In Aeolia eoronata 
there are about 17, in A. papillosa and Elysia viridis about 19,' 
in Glauusus atlantieua about 21 , in Fiona nohilis about 28. In 
the common whelk (Buecinum wndatum) there are from 220 to 
250, in the common periwinkle about 3500. Ai many as 8343 
have been counted in Idmnaea ataynalis, about 15,000 in Helix 
aspersa (that is, about 400,000 to the square inch), about 30,000 
in JUmax maximm, and as many as 40,000 in Helix Gldea- 
hreghti, a large species from Mexico ; they are very numerous 
also in Ndnina, Vitrina, Gadinia, and Actaeon. But Umirella 
stands far and away the first, as far as number of teeth is con- 
cerned. In both U. mediterranea and U. indica they entirely 
baffle calculation, possibly 750,000 may be somewhere near the 
truth. 

The teeth on the radula are almost invariably disposed in 
4 kind of pattern, exactly like the longitudinal rows of colour 
in a piece of ribbon, down the centre of which runs a narrow 
stripe, and every band of colour on one side is repeated in the 
same relative position on the other side. The middle tooth of 
each row — the rows being counted across the radula, not longi- 
tudinally — is called the central or racMdian tooth; the teeth 
next adjacent on each side are known as the laterals, while the 
outermost are styled uneini or marginals. As a rule, the dis- 
tinction between the laterals and margintilB is fairly well indi- 
cated, but in the Helicidae and some of the Nudibranchiata it is 
not easy to perceive, and in these cases there is a .very gradual 
passage from one set to the other. 

The central tooth is nearly always present. It is wanting in 
certain groups of Opisthobranchiata, some of the carnivorous 
Fulmonata, and in the Gonidae and Terebridae, which have lost 
the laterals as well Volwta has lost both laterals and marginals 
in most of the species, and the same is the case with Harpa. In 
Aeolis, Elyria, and some other Nudibranchiata the radula consists 
of a single central row. Other peculiarities will be described 
below in their proper order. • 

The extreme^ importance of a study of the radula depends 
the fltot; that in each species, and a foyUori in each genus 
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and family, the radula is characteristic. In closely allied species 
the differences exhibited are naturally but slight, but in well- 
marked species the differences are considerable. The radula, 
therefore, serves as a test for the distinction of genera and species. 
For instance, in the four known recent genera of the family 
Strombidae, viz. Strombus, Pteroceras, Rostellaria, and Terehellum, 
the radula is of the same general type througliout, but with dis- 
tinct modificatibns for cacli genus ; and the same is true, though 
to a lesser extent, for all the species hitherto examined in each 
of the genera. These facts are true for all known genera, differ- 
ences of the radula corresponding to and emphasising those other 
differences which have caused genera to be constituted. The 
radula therefore forms a basis of classification^ and it is found 
espetnally useful in this respect in dealing with the largest class 
of all, the Gasteropoda, and particularly witli the chief section of 
this order, the Prosobranchiata. Thus we have — 


Prosobranchiata l 


Monotocardia x 


Diotocardia 


f(a) Toxoglossa 
(h) Rachiglossa 

(c) Taenioglosm 

(d) Ptenoglossa 
[(c) Gymmglossa 

( (/) Rhipidoglossa 
(g) Docoglossa ^ 


(a| l^oxoglossa. — Only three families, Terebridae, Conidae, and 
Cancellariidae, belong to this section. There is no central tooth, 
and no laterals, the radula consisting simply of large marginals 
on each side. In Conus these are of great size, with a blunt 
base which contains a poison-gland (see p. 66), the contents of 
which are carried to the point by a duct. The point is always 
singly and sometimes doubly barbed (Fig. 116). When extracted, 
the teeth resemble a small sheaf of arrows (Figs. 113, 115). A re- 
markable form of radula, belonging to Spirotropis (a subgenus of 
Brillia, one of the Conidae), enables us to explain the true history 
of the radula in the Toxoglossa. Here there are five teeth in a 
row, a central tooth, and one lateral and one marginal on each 
aide, the marginals being very similar in shape to the character- 
istic shafts of the Conidae (Fig. 114). It is evident, then, that 
the great mass of the Toxoglossa have lost both their central 

^ t6(op, arrow ; fidxis, ridge, sharp edge ; rcuvla, ribbon ; wrripds, winged ; yviipSt, 
bare ; fan ; SokSs, beam. 
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and lateral teeth, and that those which remain are true nncini 
or marginals. Spirotropis appears to be the solitary survival of 
a group retaining the primitive form of radula. 

The arrangement of teeth in all these sections is expressed 
by a formula applicable to each transverse row of the series. 
The central tooth, if present, is represented by 1, and the laterals 
and marginals, according to their number, on each side of the 



X 70. 



Fia. 114. — Portion of radula of Spiro- 
tropia carinata Phil., Norway, x 70. 



Fio. 115. — Eight teeth from the radula 
of Tcrebra caeruleacena Lam. x 60. 


central figure. Thus the typical formula of the Toxoglossa is 
l.O.O.O.l, the middle 0 standing for the central tooth which is 
absent, and the 0 on each side of it for the absent laterals ; tlie 
1 on each extreme represents the one uncinus in each row. 
Thus the formula for Spirotropis, which has also one lateral on 
each side and a rachidian or central tooth, is 1.1. 1.1.1. Often 


. 1 • . l.O.O.O.l l.l.l.l.l 

the formula is given thus: - — — , 

30 42 


where 30 and 42 


stand for the average number oi rows of teeth in Conus and 
Spirotropis respectively ; the same is sometimes expressed thus : 
1.0.0.0.1x30; 1.1.1.1.1x42. 
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(6) ThQ liacliifjlosm comprise the 12 families Olividae, Harpi- 
dae, Miirginellidae, Volutidae, Mitridae, Fasciolariidae, Turbiiiel- 
lidae, liuccinidac, Nassidae, Coluinbellidae, Muricidae, and 



Fra 116.— A tooth 
from the radnla 
of Conns wiperi- 
alis L., S. P.acific, 
X 50, showing 
barb and poison 
duct. 





Fid. 117. — Portion of the radiila of Mdonffena 
vespertilio Lam. , Ceylon, x 30. 




Fia. 118, — Portion of the radula of Kburna jajponica 
Sowb., China, x 30. 


Fig. 119. — Portion of the 
radula of Miirex rcgius 
Lam. , Panama, x 60. 





Coralliophilidae. Certainly most and probably all of these 
families are or have been carnivorous, the Coralliophilidae being 
a degraded group which have become parasitic on corals, and 
have lost their teeth in consequence. The characteristics of the 
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group are the possession of a central tooth with from one cusp 
(Boreofiisns) to about fourteen (Bullia), and a single lateral more 
or less cuspidate, the 


outer cusp of all being 
generally much the 
largest. Thus in Melon- 
gena T€Spertiiio(Vi^, 117 ) 
the central tooth is tri- 
cuspid, the central cusp 



being the smallest, while 
the laterals are bicuspid ; 


Fk;. 120. — Portion of the radula of TmhricarUi 
iriarmorala, Swains. x 80. 


ill Eburna japtmica (Fig. 


118) the central tooth is 5-cusped, the two outer cusj)s l)eing much 


the smallest. The teetli, on the whole, are sharj) and hooked, 


Fig. 121. — Three rows 
of teeth from the 
radula of FaHc.iolariti 
trapexlum Lam, x 
40. 


witli a broad base and formidabhi cutting edge. In the Olividae, 
Turricula, Bmcimpsis, and the Muricidae the laterals are unicusjiid 
and somewhat degraded (Fig. 119). In Milra 
and the Fasciolariidao they are very broad and 
iiiiely ecpially tootlied like a comb (Figs. 120, 
121). 1'Iie whole group is destitute of marginals. 

Several remarkalile peculiarities • occur. 
llarpa loses the radula altogether in . the adult. 
In the young it luis lost only tlie laterals, and 
consists of nothing but the central tooth. 
Marginelkc has no laterals ; the central tooth 
Fig. 122.— Six teeth is small afid coiiib-sliaped, with blunt cusps. 

VyMnm Voluta the laterals are generally lost, but 

Lum., Torres strait, Voiutomitra uiid oiie specics of Valuta^ 
they are retained. The central tooth usually 
has three strong cusps, and is very thick and coloured a deep red 

^ K, conciniia, according to Scliacko (Conch, Mitth. i. p. 126, PI. xxiv. f. 5) ; tho 
lateral is large, strong, unicuspid on a broad base. 
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or orange (Fig. 122); in the suhgeniis Amoria it is imicuspid, 
in shape rather like a spear -head with broadened wings; in 

Volntolyria it is of a different 
W yX type, with nuineroiis unequal den- 

(1^ O ^ ticulatioiis, something like the 

^ l\/ of Mitra or Ftisciolaria, 

\I I ^ J Of the Mitridae, Gylindromitra 

has lost the laterals. Among the 
/y Vj Buceinidae, Buccitiopsis i)ossesses 

^ a curiously degraded radula, the 

^ j central tooth having no cusps, but 

I ^ \rv being reduced to a thin basal 

^ 1 plate, wliile the laterals are also 

^ weakened. I'liis degradation from 

y? the type is a remarkal)le feature 

^ among radulae, and ai)pears to be 

ybftj characteristic, sometimes of a whole 

^ ^ family, cjj, the Columbellidae (Fig. 

FUJ. 123.— Examples of dogradecl forms 123, B), sometimes of a geiUlS, 
(.“[IdiS'! sometimes aKaiu of a siiiKle species. 
A, iiume radula, cmitraK ami front TllllS ill CtinthurUS (a Sul)geilUS ol 

Jiiiccinum) the raclulu is typical in 
the great majority of species, but in 
C.payodm Eeeve, a large and well-grown species, it is most remark- 
ably degraded, both in the cmitral and lateral teeth (Fig. 123, A). 
This circumstance is the more singular since C. payodm lives at 
ranama side by side with 0, rintjem and (7. insignis, both of which 



Fig. 124. — Three rows of tlie radula of Sistrum S 2 ^>ctrinn Reeve, Tonjfa. x 80. 

The laterals to the right are not tlrr.wii in. 

have perfectly typical radidae. It is probable that the nature of 
the food has something to do with the phenomenon. Thus fHistrurn 
spectrum Eeeve w’as found to possess a very aberrant radula, not of 
the common muricoid type, but with very long reed-like laterals. 
This singularity was a standing puzzle to the present writer. 
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until he was fortunate enough to discover that S. spectrum, 
unlike all other species of Sistriiyn, lives exclusively on a brandl- 
ing coral. 

The dental formula for the Bachiglossa is thus 1.1.1, except 
in those cases where tlie laterals are absent, when it is 0.1.0. 

(c) The Taenioglossa comprise 46 families in all, of whicli the 
most important are Tritonidae, Cassididae, ('■ypraeidae, Strom- 
bidae, Ccrithiidac, Turritellidac, Melaniidae, Littorinidae, 
Eissoidae, l*aludinidae, Ampidlariidae, Cyclophoridae, ( 'yclostonia- 



Kii;. 12.1. — Portion of tlie r.'idula of Cnssh mlcosn Born., x 40. Tlic ninr^innls 
to tho right are not fully drawn. 

tidae, and ^fjiticidae. The radula is characterised by a central 
tootli of very variable form, the prevailing type lieing multi- 
cuspid, the central cusp the largest, on a rather broad base ; a 
single lateral, which is often a In-oad ])late, more or less cusped, 
and two uncini, rather narrow, with single hooks, or slightly 



Fkj. Four rows of teeth 

from the rudulaof VrrmMm 
ffrnndis Orav, Aiidum.ms. 
’x 40 . 


Cusped. The accompanying figures of Cassis, V'^crmdus, and 
Cypraea, and those of Littorina and Cyclopyhorvs given on j)]). 
20, 21, are good examples of tyjiical taenioglossate radiilae. 

In Homaloyyra tlie radula is much degraded, the central 
tooth is large and triangular on a l>road base, tlie lateral is 
represented only liy a thin oblong plate, and tlie uncini are 
absent. In some species of Jrffmjsia the uncini are said to be 
absent, while present in others. Lmnellaria has lost both its 
uncini, but the radula of the allied VelufAna is (^uite ty])ical. A 
peculiar feature in this group is the tendency of the marginals 
to increase in number. A stage in this direction is perhaps seen 
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ill Ovultty Pedicularia, and the Cyclostoraatidae. Here the outer- 
most of the two marginals is by far the larger and broader, and 
is strongly pectinated on its upper edge ; in the Cyclostomatidae 



Fif!. 127. — Two row’s of the 
radula of Cyj^raea tiyris L. 
x30. 


the pectinations are rather superficial; in Ovula (where both 
marginals are pectinated) they are decidedly deeper ; in Pedicu- 
laria they are deeper still, and make long slits in the tooth, 
tending to subdivide it altogether. In Turritella the number of 
marginals is said to vary from none (in 1\ acicula) to tliree 
triplicata), but the fact wants confirmation. Solarium is an 
aberrant form, possessing simply a number of long uncini, which 
recall those of Contis^ or Pleurotoma^ and is therefore hard to 
classify; the allied Torinia has a radula which appears allied 
to Ovula or Pedicularia, In Triforis the teeth are identical 
throughout, very small, about 27 in a row, tricuspid on a sciuare 
base, cusps short. 

The normal formula of the Taenioglossa is 2. 1.1. 1.2; in 
Lamellaria, 1.1.1 ; in Triforis, 13.1.13, or thereabouts. 

(d) Ptenoglossa, — This 
section consists of two 
families only, which cer- 
tainly appear remarkably 
dissimilar in general habits 
and appearance, viz., the 
lanthinidae and Scalarii- 
dae. Ill all probability 
their approximation is 
only provisional. The 
radula, which in lanthina 
is very large, and in 
Scedaria veiy small, possesses an indefinite number of long hooked 



Fia. 128. — Portion of the radula of lanthina 
cominunia Lam. x 40. 
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teeth, of which the outermost are tlie largest. The central 
tooth, if present (it does not occur in lanthina), is the smallest 
ill the series, and thus recalls the arrangement in some of the 
carnivorous Pulmonata (p. 232). In lanthina the radula is 
formed of two large divisions, with a gap between them down 
the middle. 

The formula is oo.l.oo or oo.O.oo according as the central 
tooth in Sccdaria is or is not reckoned to exist. 

(e) Gymnoglossa, — In the absence of both jaw and radula it is 
not easy to classify the two families (Eulimidae and Pyrami- 
dellidae) which are grouped under this section. Fischer regards 
them as modified Ptenoglossa ; one would think it more natural 
to approximate them to the Taenioglossa. 



Fig. 129.- -Portion of the radula of Margarita umhilkalU Brod., Labrador. 

X 75 and 300. 

(/) Ehipidoglossa. — This section consists of seventeen families, 
the most important being the Helicinidae, Neritidae, Turbinidae, 
Trochidae, Haliotidae, Pleurotomariidae, and Fissurellidae. The 
radula is characterised by — 

(1) The extraordinary development of the uncini, of which 
there are so many that they are always reckoned as indefinitely 
numerous. They are long, narrow, hooked, and often cusped at 
the top, and crowded together like the ribs of a fan, those at the 
extreme edge not being set straight in the row, but curving 
away backwards as they become smaller; in Solariella alone, 
where there are from five to ten, can they be counted. 

(2) The varying number of the laterals. The average 

VOL. Ill Q 
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number of these is five on each side; in some cases {Livoiui) 
there are as many as nine, in some {Neritopsu) only three. The 
lateral next to the uncini (which is specially large in the 
Neritidae, and is then known as the capitulifonn tooth) is 
regarded by some authorities as the first nneinus, by others as 
the sole repi’esentative of the laterals, the teeth on the inner 
side of it being reckoned as multiplied central teeth. Accord- 
ing to this latter view, Livoiia will have as many as seventeen 
central teeth. Taking five as the average number of " laterals,' 
we shall have the following different ways of constituting the 
rhipidoglossate formula, the first being that to wliich preference 
is given, viz. : — 

(1) 00.5.1.5.00, ix. one central, five laterals, including 
the ' last lateral ' tooth. 

(2) ( 00.1). 4.1.4. (1.00 ), regarding the Mast lateral’ as first 
uncinus, but specialising it by a number. 

(3) 00.1. (4.1.4). 1.00 , regarding the * last lateral ' as tlie only 
lateral. 

Tn the Neritidae and the derived fresli-water genera {Neritma, 
Navicella) the first lateral, as well as the capituliform tooth, is 



Fiu, 130. —Portion of tlic nulula oi Nerita fdUcilla L., Andaman Is., with central tooth 
highly magnified : c, c, the caiiitnlifonu tooth, x 40. 

very large, iiiid in shape rather like the blade lione of a shoulder 
of mutton ; the intervening laterals are very small. In 
N’eritojisis (a degraded form) tlie central tooth and first lateral 
are entirely wanting. In the neritiform land-shells (Ilelicina, 
Proserpina^ the first lateral is no larger than the others, while 
the capituliform tooth is enormous. Hy dr arena is a very 
aberrant and apparently degraded form; the laterals between the 
first and the capituliform tooth iire all wanting. In Hcdiotis, 
Scissurella, and Pleurotomaria the five laterals are of fairly equal 
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size; in Fissurella we again meet with a large capitnliform 
tooth, with very small laterals. 

(jj) The Docoglossa are in direct contrast with the Ehipido- 
glossa in possessing few and strong teeth, instead of many and 
weak. There are only three families, Acmaeidae, Patellidae, 
and Lepetidae. In some of the Acniae- 
idae there are not more ^than two 
teeth in a row, while in no sj^ecies are 
there more than twelve. The radula 
is, however, very long; there are as 
many as 180 rows in Patella vulgata. 

The teeth are thick, generally of a 
very dee]) I'ed liorii colour, rather 
opaque. The cartilage in which they 
are set is remarkably thick, and in 
some species whose teeth are very fw. 1 3 1 . -^Portion of tho ra<luia 
few a considerable portion of this car- x 

tilage is left quite bare. 

Although the teeth arc so few. the arrangement is by no 
means simple. The special fe^ature of the group is the multipli- 
cation of identical centrals. Of these tlu^re are two in Acviaea^ 
and four, as a rule, in Patella. Thus in these two genera there is 
seldom an absolutely central tooth. Either laterals or marginals 
are liable to l)e lost, l)ut there arc never more than two of either 
in Acmaea, and never more tliaii two laterals and three marginals 
in Patella. Thus the formula varies from 0.0.(1 + 0 -h 1).0.0 in 




Fkj. 132. --Two tows of 
the radula of Plero^ 
trachea viatica Les., 
Naples, X 60. 


Pectinodonta, 2.2.(1 -h 0 + 1).2.2 in Collisellina. (both Acniaei- 
dae), to 3.2.(1 + 0 -|- 1).2.3 in Patmella, and 3. 1.(2 + 0 + 2).1.3 
in Patella proper. In the Lepetidae there is an absolutely 
central tooth, which appears to be made up of the coalescence of 
several teeth, no laterals, and about two marginals; formula, 
3 .O.I.O. 2 . 
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The radula of the Heteropoda is quite characteristic, and 
shows no sign of affinity with any other Frosobranchiate. The 
central tooth is larger, broad, tricuspid, and denticulated on a 
broad base ; tlie single lateral is strong, often bicuspid ; the 
two marginals simple, long, falciform; formula, 2.1. 1.1. 2 
(Fig. 

Amphineura. — Polyplaeophora . — The radula of the 

Chitonidifc is quitii unique. It resembles that of the Docoylossa 
in being very long, and composed of thick and dark horn- 
coloured teeth. The numljcr of teeth, however, is considerably 




Fig, 133. — A, Portion of the rjulula of Chiton (Accinthopleum) ftpiniger Sowb., Anda- 
mans, X 30 ; B, portion of the raduhi of JJentalium entalis .L., Clyde, x 50. 

greater, amounting almost invariably to seventeen in eaclt row. 
There are tliree rather small central teeth, the two outer of these 
being similar ; next comes a very large lateral (the lateral), 

usually tricuspid^ which is followed by two mucli smaller laterals, 
which arc scarcely more than accessory plates ; then a very large 
and arched marginal (the major uncinus), at the outer side of 
which are three accessory plates. Some consider there is only 
one central tooth, and count the two small teeth on each side of 
it as laterals. 

Thus tlie formula is either (:> + I ) . (2 + 1) .Jl. (1 + 2) . (1 + 3) 
or (3 + 1) . (2 + 1 + 1) .1. (I + 1 + 2) . (1 + 3). 

(Jb) AplacopJiora. — Of this rather obscure order, Chaetoderma 
has a single strong central tooth, Neomenia has no radula. 
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Proncomenia and Ijej^idonienia liiive alioiit twenty falciform 
teeth, miicli lai*ger at one end of the radula than the other ; 
fornnila, 0.1.0. 

Opisthobranchiata. — The radula of the Opistliobranchiata 
is exceedini»ly variable in shape, size, and number and eliaracter 
of teeth. Not only do allied families differ greatly from one 
another, but allied genera often possess radiilae widely distinct 



in plan. Thus, among llie Volyeerichie, (/oulofloris has no central 
tooth, one large lateral and one inarginal (form. 1.1. 0.1.1); 
IhyridiiiwvluH the same, with live marginals (form. 5.1 .0.1. b) ; 
Lameliid()ns one eacli of juedian, laterals ajid marginals 
( 1. 1 .1.1.1) ; Idfdia, Anrala, and Thec.aeera tlie sanie as Gonioduris ; 
Crlmora several each of laterals and marginals. Even speei(\s of 
the same genus may differ; thus the Jbrniula for Aadis jHqnlloHif. 
is 0.1.0, but for Ac, LandHhcrtji 1.1.1 ; for J^iiiric iiperUt 1.0. \y 
but for Ph iiine prviiiom G.O.G. 

it must not be forgotten, however, tliat a simple rcipetitiou of 
the same tooth, wliether lateral or marginal, does not necessarily 
constitute an important cliaracteristic, nor does the presenc(». or 
absence of a central tooth. In most of tlie cases mentioned above, 
the difference in the numlier of laterals and marginals is due to 
the multiplication of identical ft)rnis, wdiile the central tooth, when 
]>resent, is often a mere plate or narrow Idock without cus])s, 
whose presence or absence makes little difteremie to the character 
of the radula as a whole. 

There appear to be three well-marked typ(;s of radula among 
the Opistholjranchiata. 

(r/) Ihidida with a single strong central tooth, rows few. 
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This form is characteristic of the Aeolididae, Fionidae, Glaucidao, 
Dotoidae, Herinaeidae, Elysiidae (Fig. 135), and Liiuapontiidae. 
In the Aeolididae it is sometimes accompanied by a single 
lateral The same type occurs in Oxyme, and in Lohiger ( = 
Lophocereus). 

(h) Badula with the first lateral very strongly developed. 
This type may take the form of (1) a single lateral, no central or 
marginals, c.g. Omhidoris, Scaphander (Fig. 137, A) Philine 
(certain species), Eingicula, or (2) first lateral strongly developed, 
and repeated in succeeding laterals (2-6) on a smaller scale, e.g. 
Philine (certain species). A few marginals are sometimes added, 



Pig. 135. — ^Radiila of Elysia 
virid'is Mont, x 40. Type 
(a). 



Fig. 136. — Portion of the radnia' 
of Oadinm pentviana Sowb., 
Chili. X 260. Type (c). 


e.g. ill Polycera, Laniellidoris (where tliere is a degraded central 
tooth. Fig. 137, B), Idalia, and Ancula. 

(c) Eadula with an indefinite numlier of marginals, laterals 
(if present) merging into marginals, central tooth present or 
absent, inconspicuous, teeth all very small. This type of radula, 
among tlie Nudibranchiata, is characteristic of certain subgenera 
of Doris (e.g. Chromodoris, Aphelodoris, Casella, Centrodoris), of 
Hypoh^ancliiaea and Pleurophyllidia ; among the Tectibranchiata, 
of Actaeon, many of the Bullidae, Aplustnm, the Aplysiidae, 
Pleurohramlms, Umbrella and Gadinia (Figs. 136 and 137, C). 

In tlie Pteropoda there are two types of radula. The Gymno- 
somata, wliich are in the main carnivorous, possess a radula with a 
varying number (4-12) of sickle-shaped marginals, central tooth 
present or absent. In the ThecosOmata, whicli feed on a vegetable 
diet, there are never more than three teeth, a central and a 
marginal on each side ; teeth more or less cusped on a square Imse. 
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Pillmonata. — The radula of the Testacellidae, or carnivorous 
land Mollusca^ is large, and consists of strong sickle^shaped teeth 
with very sharp points, arranged in rows with or without a 
central tooth, in such a way that the largest teeth are often 011 
the outside, and the smallest on the inside of the row (as in 
Rhytida, Fig. 139). The numl)er and size of the teeth vary. 
In Teslacella and Glandina^ they are numerous, consisting of 
from 30 to 70 in a row, with about 60 rows, the size through- 
(3ut being fairly uniform. In Aeroj^e they are exceedingly large. 



Fig. 1 37. — Portions of tit e railula 
of Opisthobrancliiata, ilhi8< 
trating types (h) and (c ) ; A, 
Scaphander Hgnarius L. ; A', 
one of the teeth seen from 
the other side, x 40 ; B, 
Lamellidoris hilamellata L., 
Torbay, x 60 ; C, Hydatina 
phyeis L., E. Indies, x 75. 


and only eight in a row, the outermost marginal being probably 
the largest single tooth in the whole of the Mollusca. The 
central tooth is always obscure, being, when present, simply a 
weaker form of the weakest lateral ; in genera with only a few 
teeth in a row it is generally absent altogether. 

The first family of jaw-bearing snails, the Selenitidae, is 
distinctly intermediate. The possession of a jaw relates it to 
the main body of Helicidae, but the jaw is not strong, while the 
teeth are still, with the exception of the central, thoroughly 
Testacellidan. The central tooth is quite rudimentary, but it is 
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something more than a mere weak reproihietion oi‘ the marginals. 
There are no true laterals. ^The Limacidae show a further stage 
in the transition. Here tlier central tooth has a definite shape of 
its own, tricuspid on a broad base, which is more or less repeated 
in the first laterals; these, as they approach the marginals. 



Fi({. l.‘J8. — Portio 
of ilie vadula of 
(.illaudina /run- 
cot a Giiiel. x 40. 


gradually cliange in form, until the outer marginals are again 
thorouglily Testacellidaii.^ This is the general form of radida, 
Miri(Hl more or less in different genera, whicli occurs in Nanina, 
Helicarion, TAinax, P<\rmacellay and all the siibg(3nera of Zonites. 
It is certain that some, and prol^ablo that all of tJuise genera will, 



Fn }. 1 ,‘I9. — Portion 
of the radii lu of 
IViytida Kra vssii 
Pfr., S. Africa. 
X 25. 


on occasion, eat flesh, although their usual food appears to be 
vegetable. The jaw is inoi e powerlul than in the Selenitidae, but 
never so large or so strongly ribbed as in Helix proper. 

When we reach the Helicidac, avc arrive at a type of radula 

^ In some cases (e.f;. Ilyalinia inornata) the laterals arc very few, while in Zonites 
loievigatxts the first side tooth is more of a marginal than a lateral. 
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in which the aculeate form of tooth — so characteristic of the 
Agnatha — disappears even in the marginals, and is replaced by 
teeth with a more or less quadrate base ; the laterals, which are 
always present, are intermediate in form between the central and 
the marginals, and insensibly pass into the latter. In size and 
number of cusps the first few laterals resemble the central tooth ; 
ill the extreme marginals the cusps often become irregular or 
evanescent. As a rule, the teeth are set squarely in the rows, 
with the exception of the extreme marginals, which tend to slojie 
away on either side. In some Helicidae there is a slight approxi- 
mation to the Zoiiitidae in the elongation of the first marginals. 

The above is the type of radula occurring in the great family 
Helicidae, which includes not only Uclix proper, with several 
thousand species, but also Avion, Bulimus, Ariolimax, and other 
genera. The jaw is almost always strongly transversely ribbed. 

In the Orthalicidae (Fig. 140, C) the teeth of the radula, 
instead of being in straight rows, slope back at an angle of al)out 
45 degrees from the central tooth. The central and laterals arc 
very similar, with an obtuse cusp on rather a long stem ; tlie 
marginals become bicuspid. 

In the Bvlimvlidao, which include the important gcuiera 
Flacostylus, Ainphidromus, Partvla, Ainphibvlimun, and all tlie 
groups of South American Bulimulus, the jaw is very cliar- 
acteristic, being thin, arched, and denticulated at the edges, as if 
formed of numerous narrow folds overlapping one another. The 
radula is like that of the Helicidae, but the inner cusp of the laterals 
is usually lengthened and incurved. In Partula the separation 
between laterals and marginals is very strongly marked. 

The remaining families of Pulmonata must be more briefly 
described. In the Cylindrellidae there are three distinct- types of 
radula : (a) Central tooth a narrow plate, laterals all very 
curiously incurved with a blunt cusp, no marginals (Fig. 140, D); 
(V) radula long and narrow, central tooth as in (a), two laterals, 
and about eight small marginals ; (c) much more hclicidan in type, 
central and laterals obtusely unicuspid, marginals quite heli- 
cidan. Type (c) is restricted to Central America, types («) and 
(6) are West Indian. 

Pupidae : Eadula long and narrow ; teeth of the helicidan 
type, centrals and laterals tricuspid on a quadrate base, marginals 
very small, cusps irregular and evanescent. This type includes 
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Anostomu, O(fontostow its, BiUiininns, Vertigo, Stroph ia, Holosjtira, 
Clamilia, anil Jialea. 

Stenogyvidae, including Achatina, Stenogyra, and all its sub- 
genera : Central tooth small and narrow, laterals much larger, 
tricuspid, central cusp long, marginals similar, but smaller. 

Achatinellidae : Two types occur ; {it) teeth in very oblkpie 
rows, central, laterals, and marginals all of the same type, base 
narrow, head rather broad, with numerous small denticles 
{Achatinella proper, with Aimcuhlla and Toriuiteliina, Kig. 



Fm. nO.-rPortious of the railula of A, Ilyalinia lUtiditki Drap., Yorkshire, with central 
tootli, first lateral, and a marginal very highly iiiagnilied ; B, Helix pomatht L., 
Kent, showing central tooth, laterals, and one extreme marginal, the two former 
also liiglily magnihed ; C, Orthalicus nndatus Brug., Triniilad, with three laterals 
highly magnified ; D, VylindreUa ros&t Pfr., Jamaica, central tooth and laterals, 
the same very higldy magnified ; E, Achatinella vidpinv, Fcr., Oahn, central tooth 
(c) and laterals, the same highly magnified. 

140, E) ; (li) central tooth small and narrow, laterals bicuspid, 
marginals as in Helix {Amastra and Carelia'). 

Suceineidac : Central and laterals lielicidan, bi- or tricuspid on 
a quadrate plate, marginals denticulate on a narrow base ; jaw 
with an accessory o) dong plate. 

Janellidae : Central tooth very small, laterals find marginals 
like Acliatinellidae (rir). 

Vaginnlidae : Central, Literals, and lUfirginals imicuspid 
tlirougiiout, on same plan. 

(hwhidiidae : Rows oblique at the centre, straight near the 
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edges ; central strong, tricuspid ; laterals and marginals very 
long, falciform, arclied, unicuspid. 

Auriculidae : Teeth very small ; central narrow, tricuspid on 
rather a broad l)ase ; laterals and marginals obscundy tricuspid on 
a l)ase like Succinea. 

TAmnaeidac : Jaw composed of one upper and two lateral 
pieces ; central and lateral teeth resembling those of Helicidae ; 
marginals much pectinated and serriform (Fig. 141. A). In 



Fid, 141. — Portions of tho ratliila of 
A) IMmmea stagnalis L., with tlio 
central tooth and two first laterals, 
and two of tho marginals, very 
higlily magnified ; B, AncAjlva 
Jlnviatilis Miill., with two of tho 
marginals very highly magnified ; 
C, Phj/sa fontinalis L., with cen- 
tral tooth and two of tliu marginals 
very highly magnitied. 


Ancylv.s proper the teeth are of a very different type, base 
narrow, head rather blunt, witli no sharp cusps, teeth similar 
throughout, except tluit the marginals Ijccome somewhat pec- 
tinated (Fig. 141, B); anotlier type more resembles Limncmi. 

Pkysidae: Jaw simple, but with a fibrous growth at its 
upper edge, which may represent an accessory plate ; radula 
with very oblique rows, central tooth denticulate, laterals and 
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marginals serriform, comb-like, with a wing-like appendage at 
the superior outer edge (Fig. 141, C). 

Chiliiruhie : ( ■entral tootli small, cusped on an excavated tri- 
angular base, marginals hve-cuspcd, with a projection as in 
Phi/sa, laterals coiiib-like, serrations not diH?p. 

Amphiholidac : Central tooth live-cusped on a l)road base, 
central cnsi) very large ; two laterals only, the first vcuy small, 
tliorn-like, the second like the central tootli, but three-cusped ; 
laterals simple, sal ire-shaped. 

Scaphopoda. — Tn the single family {DcnUiliuhte) the radula is 
large, and (juite unlike tliat of any other grou]>. Tlie central 
tooth is a simjik; broad ])lato ; tlie single lateral is strong, arclied, 
and sliglitly ciisjx'd ; the marginal a veiy large quadmngular ])]ate, 
cpiite simple; formula, 1.1. 1.1.1 (Fig. l.*b‘>, 11). 

Cephalopoda. — Tlie radula of the Cephalopoda presents no 
special feature of.intercst. Perhaps the most remarkable fact about 
it is its singular uniformity of structure throughout a large number 
of genera. Tt is always very small, as (.‘onipared with tlie size of 
the animal, m<»st of the work being done by tlu^. powerful jaws, 
wliile the digestive powers of the stomach are very considerabk». 

The general type of structure is a ccuitral tor)th, a very fi*\v 
laterals, and an occasional marginal or two ; tc(4h of very uni form 
size and shape throughout. In the 1 )ilmincliiata, marginals are 
(Mitirely absent, their place being always taken, in the Octopoda, 
by an accc^ssory plate of varying shape and size. This jilate 
is generally absent in the Decapoda. Tlie central tooth is, in 
the Octopoda, very strong and characteristic ; in Medona and 
Oetojrffs it is fivc-cusiied, central cusp strong: in Argovauta 
unicuspid, in Tremoctojyva tricusyiid. The laterals are always 

three in nunibiu*, the in- 
nermost lateral having a 
tendency to a-ssume the 
r form, of the (central. Tn 
^ Srpla the two inner laterals 
are exact reprodiu'.tions of 

Kio. 142.-Portion of tl,« r^XrxU of Moj>u3 klm- trill tooth ; in Me- 

I). Cli., Niii>les, X 20. . ^ \ 

done, Se2noIaj Loligo, and 

Sejna, tlie thii’d lateral is falciform and much the largest. 

In. NavMlus, the only living representative of tlie Tetra- 
hranchiata, there are two sickle-shaped marginals on each side. 
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('.Mch of which has a small accessory plate at the base. The two 
laterals and tlie central tooth are small, very similar to one 
another, unienspid on a square Inise. 

^(dvmry ylands are fotind in most Glossopliora. They occur in 
one or two pairs on each side of tlie pharynx and oesophagus, the 
duct usually leading forwards and opening into tlie anterior part 
of the pharynx (see Figs. 143, 144). They are exceptionally 
large in the carnivorous Gasteropoda. In ci^rtain genera, ej/. 
JfitreXy Dolvum, Cassis, Flearohrnnchiis, the secretions of these 
glands are found to contain a considerable proportion (sometinujs 
as iniicli as 4*25 i)er cent) of free sulphuric acid. This fact was 



Ku;, 143. -Alimentary canal of llelLc asperm L. : a, anus; h.dy h.d\ riglit and left 
biliary jliicts ; />.?«, buccal mass ; c, (;roi> ; h.tj, liermaplirodite fflaml ; /, intestine ; 
i.Of opening of same from stomach (pyloric orifice); /, l\ right and left lobes of 
liver ; vi, month ; oc, oesophagus ; r, rectum ; «.f/, salivary duct ; s.ff, salivary 
gland ; st, stomach ; t, left tentacle. (After Howes and Marshall, slightly 
moiliiied. ) 

first noticed by Trosehel, who, wliile liandling ji Dolium tjalea at 
Messina, saw the creature s])it a jet of saliva upon a marble slali, 
which iinniediately ])roduced a In-isk elfervescence. A number 
of the genera thus provided bore through the sludla of other 
]Mollusca and of Echinoderms, to prey upon their soft tissues, and 
it is possible that the acid assists in the piercing of the shell l;y 
converting the liard carbonate of lime into sulphate of lime, 
which can easily l)e removed by the action of the radula.^ In 
the majority of the Cephalopoda there are two pairs of salivary 
glands, one lying on each side of the mouth, the other on the 
middle of the oesophagus. 

3. The Oesophaf/us, — That part of the alimentary canal which 


^ Semon, JiioL CenlralhL ix. p. 80. 
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lies between tlie pharynx and the stomach (in Pclecypoda 
between the mouth and stomach) is known as the oesophagus. 
Its exact limits are not easy to define, since in many (iases the 
tube widens so gradually, while tlie muscular structui*e of its walls 
changes so slowly that it is difficult to say where oesophagus 
ends and stomacli begins. As a rule, the oesophagus is liiirly 



Ficj. 141. — Alimentary canal, etc., 
of officinalis L. : (/, 

aims ; b.d^ out: of the liiliary 
(liicts ; buccal iiia.s.s ; c, 

coeciiiii ; ink -sac ; /'.//, iliict 

of same ; y, jaws ; IJ, lobes 
of the liver ; oesoj>hagus ; 
Pi pancreatic roeca ; y, rec- 
tuni ; A’.#/, .salivary f^laiuls ; a/, 
stomach. ( From a specimen in 
the British Museum. ) 


p.qc 



A B 


Fig. 115. (lizzanl of Sctvphamler 
liffucirius L. : A, sliowiiig ])Osi- 
tioii with regard to oeso])hagns 
and intestine (/), the latter 
being full of comminuted frag- 
ments of food ; pt left plate ; p\ 
right plate ; p.ac, acetjssory 
]>late ; B, the jdates as seen from 
the front, with the enveloping 
membranes removed, lettering 
as in A. Natural size. 



Meionr/ena^ showing the gastric plates 
(</./;, ff.p,) for the trituration of food ; 
h,tf, biliary duct ; (f.g^ genital gland ; 
/, iiitc-sline ; liver ; oc, oesophagus ; 
st^ stomach. (After Vanstone.) 


simple in structure, and consists of a straight and narrow tube. 
In the rulmonata and Opisthobranchiata it often widens out 
into a ' crop,’ which appears to serve the purpose of retaining a 
(|uaiitity of masticated food liefore it passes on to the stomach. 
In Octopus and Patella the crop takes the form of a hdmlar 
coecnni. In the carnivorous Mollusca the oesophagus becomes 
complicated by the existence of a varying number of glands, by 
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tlie action of which digestion appears to begin in some eases 
liefore tlie food reaches the stomach proper. 

4. The Stomach. — At tlie posterior end of the oesopliagus lies 
the muscular pouch known as the stomach, in which the digestion 
of the food is principally performed. This organ may bo, as in 
Limojx, no more than a dilatation of the alimentary canal, or it may, 
as is usually the case, take the form of a well-marked bag or pocket. 
The two orifices of the stomach are not always situatcid at opposite 
ends ; when the stomach itself is a simple enlargement of the wall 
of one side of the alimentary canal, the cardiac or entering orifice 
often becomes approximated to the orifice of exit (pyloric orificje). 

The walls of the stomach itself are usually thickened and 
strengthened by constrictor muscles. In some Xudibranchs 
{Scyllaeay Bornella) they are lined on tlie inside with chitinous 
teeth. In Cyelostoma,im(i some BithynWy StromhuSy and Trorhns 
there is a free chitinous stylet within thi'. stomach.^ In MvUm- 
germ (Fig. 140) the posterior end of tlie oesophagus is iirovided 
with a number of hard plate-like ridges, while the stoniai'h is 
lined with a double row of cuticular knobs, which are movabk; 
on their bases of attachment, and serve the ymrpose of triturating 
food.^ Aplysm has several hard plates, si‘,t with knobs and spiiuis, 
and similar oi*gaiis occur in the Ptero])oda. But th(‘> most formid- 
able organ for the crushing of food is ])ossi^ssed liy the Bullidae, 
and particularly liy SiMphander (Fig. 145). Ilen^ thei-e is a 
strong gizzard, consisting of several plates (joniiected by powerful 
cartilages, which crusli tlic*. shells, which a,re swalhnvi^d whole. 

Into the stomach, or into the adja(*ent portions of the digestive 
tract, open the ducts which connect with the so-called liver. 
The functions of tliis important organ havi^ iu)t yet b(*en 
thoroughly worked out. The liver is a lobe-shaped gland ol’ a 
brown-gray or light red colour, which in the s])i rally -shelled 
families usually occupies the greater pai t of the spire. In the 
Cephalopoda, the two ducts of the liver are covered by append- 
ages which are usually known as thti pancreatic cocca ; the biliary 
duct, instead of leading diriictly into th(i stomach, passes into a 
very largt; coecum (stn? Fig. 1 44) or expansion of tlu; same, 

^ Acuonliiig to Mo<[uiii-Taiidon {MoU. de FraucCy i. j». 11) this process in JJiUnjnUt 
is attached by one cud to the wall of the stomach. Vimpnray with two jaw 
<loes not possess this stylet ; hithynidy which does possess it, has no jaw. 

^ .1. II. Vanstonc, Joimi. TAitn. Stjc. x-\iv. p. 369. 
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which serves as a reservoir for the biliary secretions. At the 
point of connexion between the coecum and stomach is foimd a 
valve, which opens for the issue of the biliary products into the 
stomach, but closes against the entry of food into the coecum. 
In most Gasteropoda the liver consists of two distinct lobes, 
between which are embedded the stomach and part of the 
intestine. In many Nudibranchiata the liver becomes ‘ diffused ’ 
or broken up into a number of small diverticula or glands con- 
necting with the stomach and intestine. The so-called cerata 
or dorsal lobes in the Aeolididae are in effect an external liver, 
the removal of which to the outside of the body gives the crea- 
ture additional stomach-room. 

The Hyaline Stylet. — In the great majority of bivalves the 
intestine is provided with a blind sac, or coecum of varying 
length. Within this is usually lodged a long cylindrical body 
known as the hyaline or crystalline stylet. In a weU-developed 
Mytilus edvlis it is over an inch in length, and in Mya arenauria 
between two and three inches. The bladder-like skin of the 
stylet, as well as its gelatinoid substance, are perfectly trans- 
parent. In the Unionidae there is no blind sac, and the stylet, 
when present, is in the intestine itself. It is said to be present 
or absent indifferently in certain species. 

The actual function performed by the hyaline stylet is at 
present a matter of conjecture. Haseloflf’s experiments on 
MytUna edvlis tend to confirm the suggestion of Mobius, that 
the structure represents a reserve of food material, not specially 
secreted, but a chemical modification of surplus food. He foimd 
that under natural conditions it was constantly present, but that 
specimens which were starved lost it in a few days, the more 
complete the starvation the more thorough being the loss; it 
reappeared when they were fed again. Schulze, on the other 
hand, believes that it serves, in combination with mucus secreted 
by the stomach, to protect the intestine against laceration by 
sharp particles introduced with the food. W. Clark found that 
in Pholas the stylet is connected with a light yellow corneous 
plate, and imagined ‘therefore that it acts as a sort of spring to 
wotk the plate in order to comminute the food, the two together 
performing somewhat the function of a gizzard.^ 

^ Biol, CentrcUbl, vii. p. 68S ; SB, Oes, NaJt, Fr, 1890, p. 42 ; Motg, Nojt, HisL 
(2) V. 1850, p. 14, 
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5. and 6. The Intestine^ Rectum^ and Amis. — The intestine, 
the wider anal end of which is called the rectum, almost invari- 
ably makes a bend forward on leaving the stomach. This 
is the case in the Cephalopcxla, Scaphopoda, u, 


and the great majority of Gasteropoda. The 
exceptions are the bilaterally symmetrical 
Aiiiphineura, in which the anus is terminal, 
and many Opisthobranchiata, in which it is 
sometimes lateral (Fig. 68, p. 159),soJiietime8 
dorsal (Fig. 67). The intestine is usually 
short in carnivorous genera, but long and 
more or less convoluted in those which are 
phytophagous. In all eases where a bran- 
chial or pulmonary cavity exists, the anus is 
situated within it, and thus varies its posi- 
tion according to the position of the breath- 
ing organ. Thus in Helix it is far forward 
on the right side, in 'Testacella, Vaijimila, and 
Onohidium almost terminal, in Patella at the 
back of the neck, slightly to the right side 
(Fig. 64, p. 157). 

In the rhipidoglossate section of the Dioto- 
cardia {Trochus, Hcdiotis, etc.) the rectum 
passes through the ventricle of the heart, a 
fact which, taken in conjunction with others, 
is evidence of their relationship to the 
Felecypoda. 

In nearly all Pelecypoda the intestine is 



very long and convoluted, being sometimes Fia.^ 14/.— ink-srtc of 
doubled forward over the mouth. Towards t^the*rec^^^ 

its terminal part it traverses the ventricle of anus ; rf, duct of 
the heart, except in Osirea, Anomia, Teredo^ portiou*^f t^rsLl 

and a few more. The anus is always at the gepvoir fo7the7nk -T 

posterior end of the animal, adjacent to and orifice of ink-gland ; 

slightly above the adductor muscle. rectum ; double set 

Anal glands, which open into the rectum controlling upper end 
close to the anus, are present in some Troso- f/om oirod 
branchiata, e.g. MureXy Purpura. In the 
Cephalopoda the anal gland becomes of considerable size and 
importance, and is generally known as the ink-sac (Fig. 147) ; 
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it occurs in all known living genera, except NautUvs. The ink- 
sac consists of a large bag generally divided into two portions, in 
one of which the colouring matter is secreted, while the other 
ficts as a reservoir for its storage. A long tube connects the 
bag with the end of the rectum, the mouth of the tube being 
controlled, in Sepia, by a double set of sphincter musclea ' 

The Kidneys 

The kidneys, nephridia,^ renal or excretory organs, consist 
typically of two symmetrical glands, placed on the dorsal side of 
the body in close connexion with the pericardium. Each kidney 
opens on the one hand into the mantle cavity, close to the anus 
(see Fig. 64, p. 157), and on the other, into the pericardium. 
The venous blood returning from the body passes through the 
vascular walls of the kidneys, which are largely formed of cells 
containing uric acid. The blood thus parts with its impurities 
before it reaches the breathing organs. 

The kidneys are paired in all cases where the branchiae are 
paired, and where the heart has two auricles, i.e. in the Amphi- 
neura, the Diotocardia (with the exception of the Neritidae), the 
Pelecypoda, and all Cephalopoda except Nautilus, which has 
four branchiae, four auricles, and four kidneys. In other Gastero- 
poda only one kidney survives, corresponding to the left kidney 
of Zygobranchiate Gastcropods. 

insides their use as excretory organs the kidneys, in certain 
groups of the MoUusca, stand in very close relation to the genital 
glands. In some of the Amphineura the generative products, 
instead of possessing a separate external orifice of their own, pass 
from the genital gland into the pericardium and so out through 
the kidneys (see Fig. 61 C, D, p. 154). In the Diotocardia it is 
the right kidney alone which serves, besides its excretory func- 
tions, as a duct for the emission of the generative products, the 
left kidney being at the same time greatly reduced in size. 
Thus in Patdla the left nephridium is small, the right being 
much larger ; both function as excretory organs, but the right 
se^es as a mode of conveyance for the seminal products as well. 
In ceutain Pelecypoda (ag. Yoldia, Avicula, Modiola, Feeten, 
Spondplus) the genital glands communicate directly, and with a 

^ kidney. , 
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similar object, with the renal pouch on the same side of the 
body, but in the majority of cases the orifices are distinct. 


The following memoirs will be found useful for further study 
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CHAPTER IX 

THE SHELL, ITS FOKM, COMPOSITION AND GROWTH DESIGNATION 

OF ITS VARIOUS PARTS 

The popular names of 'shells/ 'shell -fish/ and the like, as 
commonly applied to the MoUusca, the intrinsic beauty and 
grace of the shells themselves, resulting in the passion for their 
collection, their- durability and ease of preservation, as compared 
with the non-testaceous portion, — ^all these considerations tend 
to unduly exalt the value of the shell as part of the organism as 
a whole, and to obscure the truth that the shell is by no means 
the most important of the organs. 

At the same time it must not be forgotten that the old 
systems of classification, which were based almost entirely on 
indications drawn from the shell alone, have been strangely little 
disturbed by tile new principles of arrangement, which depend 
mainly on structural points in the animal. This fact only tends 
to emphasise the truth that the shell and animal are in the 
closest possible connection, and that the shell is a living part of 
the organism, and is equally sensitive to external influences. 

A striking instance of the comparative \aluelessness of the 
shell alone as a primary basis of classification is furnished by the 
large number of cases in which a limpet-shaped shell is assumed 
by genera widely removed from one another in cardinal points of 
organisation. This form of shell occurs in the common limpet 
(Patellidae), in Aneylus (Limnaeidae), Hemitoma (Fissurellidae), 
Cocculina (close to Trochidae), Umbrella and Siphonaria (Opis- 
thobranchiata), while in many other cases the limpet form is 
nearly approached. 

Eoughly speaking, about three-quarters of the known MoUusca, 
recent and fossil, possess a univalve, and about one-fifth a bivalve 
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shell. In Pholas, and in some species of Thracia, there is a small 
accessory hinge plate ; in the Polyplacophora, or Chitons, the slicll 
consists of eiglit plates (see Eig. 2, jx 8), usually overlapping. A 
certain proportion of the Mollnsca luive no shell at all. In many 
of these cases the shell has been present in the larva, but is lost 
in the adult. 

The shell may be 

(1) External, as in the great majority of both univalves and 
bivalves. 

(2) Partly external, imrtly internal ; e.g. Ilonialonyx, Hem- 



Fia, 148 . — Apt u strum aplustre 
L., Mnuritius, showing the 
partly internal .shell (S) ; F, 
foot ; LL, cephalic lappet-s ; 
TT, Uouhlo set of tentacles. 
(After Quoy and Gaiinard.) 



Fia. 149 . — Siijaretus laeviga^ 
ttis Lain., showing shell 
partially iniinersed in the 
loot ; F, anterior jiro- 
longatioii of the foot. 
(After Souleyet.) 


]ihillia, some of the Naticidae, Scutum, Accra, Aplustrum 
(Figs. 148 and 149). 

(3) Internal ; e.g. Philine, Gastropteron, Pleurohranchus, 
Aplysia, Umax, Arion, Hyalmuix, Pwrmaxella, Lamellaria, 
CryptocJiiton, and, among bivalves, Clilamydoconrlia, 

(4) Absent; e,g. all Nndihranchiata and Aplaxopliora, many 
Cephalopoda, a few land Mollnsca, e.g, all Onchidiidae, Philomycm, 
and Vaginula. 

The Univalve Shell. — In univalve Mollnsca the normal form 
of the shell is an elongated cone twisted into a spiral form round 
an axis, the spiral ascending to the left. Probably tlie original 
form of the shell was a simple cone, which covered the vital 
parts like a tent. As these parts tended to increase in size, their 
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position on tlic dorsal side of the aniinal caused them gradually 
to fell over, drawing the shell with them. The result of tliese 
two forces combined, the increasing size of the visceral hump, 
and its tendency to pull the shell over witli it, probably resulted 
ill the (‘onversion of the conical into the spiral shell, which 
gradually came to envelop tlie wliolc animal. Where the 
\’iscei*al hump, instead of increasing in size, became flattened, tlie 
conical shape of the sliell may have been modified into a 
simple elliptical plate (e.g. IAmax\ tlie nucleus representing tlie 
apex of the cone. In extreme cases even tliis plate dwindles 
to a few calcareous granules, or disappears altogether {Arioriy 
Vafjhmla). 

Varieties of the Spiral. — Almost every conceivable modifi- 



Fia. 150. — Examples of shells with A, a flalteiitM] 
spire (Pnli/ffi/ratia ) ; B, a globose spire (iV«/w'a) ; 
C, a greatly produced si)ire {Terebra). 



cation of tlie sjiiral occurs, from the type represented by Oena,- 
JIdliotis, Sifjaretus, and Lainellaria, in which the siiire is practi- 
(*ally confined to the few apical whorls, with the body -whorl 
inordinately large in proportion, to a niultispiral form lik(* 
Tercbray with about twenty whorls, very gradually increasing in 
size. 

As a rule, the spire is more or less obliquely coiled round 
the axis, each whorl lieing partially covered, and therefore 
hidden by, its ilnmediate success(jr, while the size of the 
whorls, and therefore the diameter of the spire as a whole, 
increases somewhat rapidly. The effect of this is to produce 
the elevated spire, the shell of six to ten* whorls, and the wide 
aperture, of the normal type of mollusc, the whelk, snail, peri- 
winkle, etc. 
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Sometimes, however, the eoil of the wliorls, instead of being 
oblique, tends to become horizontal to the axis, and thus W(i 
liave another scries of gradations of form, from the excessively 
])roduced sjnre of Terehra to the flattened disc of Planorhia, 
Poltffiyrat/ut, PiarmpJtalns, and Ammonites. The shell of many 
species of Conns practically belongs to the latter tyj)C, each whorl 
folding so closely over its predecessor that tlie spiral iiaturc of 
the sliell is not pex^ceived until it is looki^d at at right angles to 
the s])ire. 

In some eases the regularly sjural form is kept, but the 
wlujrls are. completely disconnc(;ted ; e.ff. some ScaUiria, k^pirula ; 



B 


Fid. 151. - - Examples of sliells 
with (liscoiiiiected whorls ; 
A, Ci/athopomu cornu Mf., 
Philippiiies ; B, Gylindrella 
/o/j/n /AVright, Cuba. (Both 
X 4.) 



A C 


Fki. 152. — Example of a shell 
whose ax)ical whorls alone are 
coiled, and the remaimler pro- 
duced in a regular (Mirvc*. 
{Cyclosvms Mtirici Mon;!., 
Mayotte.) 


among fossil Ophalopoda, Gyroceras, Crioceras, and Ancyloccras ; 
and, among recent land Mollusca, Cylindrella hystrix and Cyntho- 
poma cornu (Fig. 151). Sometimes only the last whorl becomes 
disconnected from the others, as in llhiostorna (see Fig. 180, p. 
2G(>), Teinostomii, iim\ in the fossil Macroscaphites. 

Sometimes, again, not more than one or two whorls at the apex 
are spirally coiled, and the rest of tlie shell is simply produced or 
coiled in an exceedingly irregular manner, e.g. Cyclosurusy TAtuiies, 
OryyoceraSy fUliquaria (Fig. 158), Vermetvs. In Corruhi (Fig. 
176 , !>. 260) the spiral part is entiixdy lost, and the shell becomes 
simply a cylinder. In a few cases the last wliorl is coiled irregu- 
larly backwards, and is brought up to the apex, so that the animal 
ill crawling must carry the sliell with the spire downwards, as in 
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Anostoma (Fig. 154), Opisthostoma (Fig. 208, p. 809), Stropho- 
stoma, and Hyp>sclostoma (Fig. 202 A, p. 802). 

SoiiKi g(niera of the Ca2ndidae, in whicdi the shell is of a 
broadly conical form or with scarcely any spire, develop an 
internal j)late or process which serves the purpose of keeping the 



Fkj. 1.'53. — Silhptaria angnina Lain., show- Kio. 1.5 J. — Annstoma glohulosmn Lam., 
ing scalariform cioil of upjier whorls aiul Brazil. (After P. Fischer.) 

irregular extension of the lower. 


uiiimiil within the shell, and does the work of a strong attachment 
nmscle. In Mitrularin, this process takes the form of a raised 
horseshoe ; in Crvmhulum it is cnp-shapeil, with the edge free all 
round ; in Giderus, Jiri/aca, Crqnpatella, and TrocMta wo get a 



Pia. l.'JS. — Various forms of the internal ]»late in Capvlidoe ; A, Culyptraca {Mitru- 
laria) equestris Lam., E. Indies; B, Crucilmlum scuteUalum Gray, Panama; C, 
Ergaeaplmm Ad., and Reeve, Ja]ian ; D, Galenift chimnsis L., Britain ; E, Crepi- 
patella dilatata Lam., Callao ; F, Trochita viaculdta Quoy, N. Zealand ; O, 
dulafornicata Lam., N. America. 

series of changes, in which the edge of the cup atllieres to the 
interior of the shell, and then gradually flattens into a plate. In 
Crepidula proper this plate becomes a regular partition, covering 
a consideralde i)ortion of the interior (Fig. 155 Cl). Hipponyx 
secretes a thin calcareous plate on the ventral surface of the foot. 
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wliicli intervenes like an opcrculuin between the aniiiial and the 
substance to wliich it adliercs. 

Sinislraly or Left-handed Shells. — The vast nifijority of uni- 
valve spiral shells are normally dextral, i.e. when held spire 
uppermost, with the aperture towards the 
observer, the aperture is to the right of the 
axis of the spire. If we imagine sucdi a 
shell to be a spiral staircase, as we ascended 
it we should always have the axis of the 
spire to our left. 

Sinistral or ‘ reversed ’ Jbrnis are not 
altogether uiuiommon, and may l>e grouped 
under four chisses : — 

(1) Cases in which i\\Q tjcniis is norinally 
sinistral ; (2) cases in wliich the (jenus is 
normally dextral, but ecrtain species are 
7iormally sinistral ; (3) cases in wJiich the 
shell is imliffercntly dextral or sinistral ; 

(4) cases in which both yemis and species 
are normally dextral, and a sinistral form is an ahnormal 
nionstrosily. 

Ill all cases of sinistral monstrosity, and all in which a sinistral 
and dextral form are interchangeable (sections 3 and 4 above), 
the position of the apertures of the internal organs appi^ars to be 
relatively affected, i.e. the liody is sinistral, as well as the shell. 
This has been proved to be the ciise in all specimens hitherto 
examined, and may therefore be assumed for the rest. The sinne 
uniformity, however, does not hold good in all cases for ‘genera 
and species normally sinistral (sections 1 and 2). As a rule, the 



Fm. L56. — Fulf/ur perver- 
.suin L., Florida, x L 



Fiq. 167. — Illustration of the gradation of forms in AmpulUiria between 11 dextral 
(A) and an ultra-dextral si>ecies (F). 


anal and genital apertures are, in these instances also, to the left, 
but not always. In Spirialis, Limaxina, Meladoinus, and Lanistes 
the shell is sinistral, but the animal is dextral. This apparent 
anomaly has been most ingeniously explained by Simroth, Von 
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Ihering, and Pelseneer. The shell, in all these cases, is not 
really sinistral, but ultra-dextraL Imagine the whorls of a 
dextral species capable of being flattened, as in a Planorbis, and 
continue the process, still pushing, as it were, the spire down- 
wards until it occupies the place of the original umbilicus, 
becoming turned completely ‘ inside out,’ JHid we have the whole 
explanation of these puzzling forms. The animal remains 
dextral, the shell has become sinistral. A convincing proof of 
the truth of this is furnished by the operculum. It is well 
known that the twist of the operculum varies with that of the 
shell ; when the shell is dextral, the operculum is sinistral, with 
its nucleus near the columella, and vice versd. In these ultra- 
dextral shells, however, where it is simply the method of the 
enrolment of the spire that comes in question, and not the 
formation of the whorls themselves, the operculum remains 
sinistral on the apparently sinistral shell. 

The reverse case to this, when the shell is dextral but the 
orifices sinistral, is instanced by the two fresh-water genera 
Pompholyx (from N. America), and Choanomphalus (L. Baikal). 
A similar transition in the enrolment of the whorls may be 
confidently assumed to have taken place, and the shells arc 
styled ultra-sinistral. 

Yet another variation remains, in which the embryonic form 
is sinistral, but the adult shell dextral, the former remaining 
across the nucleus of the spire. This is the case with 
Odostomia, Pulimella, Turlonilla, and Mathilda, all belonging to the 
Prosobranchiata, with Actaeon, Tornatina, and Actaeonina among 
the Opisthobranchs, and Melampus alone among Pulmonates. 

Monstrosities of the Shell. — Abnormal growths of the 

shell constantly occur, some of them being scarcely noticeable, 

except by a practised eye, others of a more serious nature, 

involving an entire change in the normal aspect of the creature. 

Scalariform monstrosities are occasionally met with, especially 

in Helix and Planorlis, when the whorls become unnaturallv 

^ «/ 

elevated, and sometimes quite disjoined from one another ; 
carinated monstrosities develop a keel on a whorl usually smooth ; 
ojcumiwited monstrosities have the spire produced to an extreme 
length (Fig. 158); sinistral monstrosities (see above) have the 
spire reversed : dwarfs and giants, as in our own race, are occa- 
sionally noticed among a crowd of individuals. 
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More serious forms of iiionstrosity arc those which occur in 
individual cases. Mr. S. P. Woodward oiic(3 observed ^ a specimen 
of an adult Ildix aspersa with a second, luilf-grown individual 
fixed to its spire, and partly embedded in the suture of the body 
wdiorl. "J'he younger snail iiad died during its first hil)ernation, 
as was shown by the epiphragm remaining in the aperture, and 
its neighbour, not being al)le to get free of the incubus, partially 
enveloped it in tlie coursti of its growth. In the British Museum 
two LitfAyrinci littorea have become entangled in a some- 
what similar way (Fig. ItiO B), possibly as a result of embryonic 



Fin. 15S. — Monstrosities of Xeptunea «?i- 
thfUit L., and Buccitinm mulaittm Ji., 
Avitli a greatly produced spire (from 
spcciincriis ill the Brit. Mus.) 



Fig. 159. — Monstrosities of JAttorina 
rndU Mat, The Fleet, Weymouth. 
(After Sykes.) 


fusion. T)ou])lc apertures are not uncommon “ in the more 
produced land-shells, sucli as Cylindrdla and Clavsilia (Fig. 
too A). In the Bickering collection was a Hdix hortensU 
whicli had crawled into a nutshell when young, and, glowing 
too large to escape, had to carry about this decndedly extra shell 
to the end of its days. A monstrosity of the cornuc.o])ia form, 
in which the whorls are unc<jilcd almost throughout, is of exceed- 
ingly rare occurrence (Fig. 101). 

Some decades ago ingenious Frenchmen amused themselves 
by creating artificial monstrosities. Jf, mpernit was taken from 
its shell, by carefully breaking it away, and then introduced into 
another shell of similar size (i/. nemoralisy rx/nnicnlata, or 


^ Amu Mag, Nat, IIH, (2) xvi. p. 298. 

• ^ Sec, for instance, Qxmrt, Jmern. Camh. i. p. 340 (Cgl. Havcni ) ; Jahrh, Dcut, 
Malak, Gcsell, 1879, p. 98 {Clausilia duUa). 
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pisanct). At the end of several days attacliineut to the columella 
took place, and tlien ^Towth began, the new shell becoming soldered 
to the old, and the spiral part of the animal biung protected l)y 
a thin calcareous envelope. A growth of from one to two 
whorls took pla(.*e nmUn' these conditions. Tlie indivi<luals so 
treated W’cre always sordid and lethargic, but they l)red, and 
naturally produced a normal a.^perm offspring.^ In tlie British 



Fif.'. 160. — Monstrosities with two 
apertures ; A, (.■tflindMla at/nest^ 
ti'fia V, B. A(l., Janiaie.a; B, 
Litforina litiorea (from specimens 
ill the British Museum). 



Fifi. 161. — Coniucopia- 
sluipoil monsirositj” 
of Ifelin aspersa, 
from Ilfrucomho. 
(British Museum.) 


Museum tliere is a specimen of one of these artificial nnions of a 
Helix with the shell of a Limwica stagnalis. 

Composition of the Shell. — The sliell is mainly composed 
of pure carbonate of lime, with a very sliglit proportion of i)hos- 
phfite of lime, and an organic base allied to chitiii, known as 
eorichiolin, Tlie proportion of carbonate of lime is known to 
vary from about 99 p.c. in iftrovilnis to aliout 89 p.c. in Turri- 
leila. Nearly 1 p.c. of pliosphatc of lime has been obtained frtjin 
tlie shell of IMix neinoralis, and nearly 2 p.c. from that of Ostrea 
virf/i7Lica. The conchioliii forms a sort of meiul)ranous frame- 
work for the shell ; it soon disappears in dead specimens, leaving 
the shell much more brittle tlian it was when alive. Carbonate 
of magnesia lias also been detected, to the extent of ’12 p.c. in 
Telescopiimi and *48 p.c. in Nepinnea antifj[ua, A trace of silica 
has also occasionally been found. 

^ Cailliaiul, Journ. dc Concliyl, vii. p. 231 ; Gassie.s, ibid, p. 44. 
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When the shell exhibits a crystalline formation, the carbonate 
of lime may take the form either of ccdcite or aragonite. The 
calcite crystals are rhombohedral, optically uniaxal, and cleave 
easily, while the aragonite cleave badly, belong to the rhombic 
system, and are harder and denser, and optically biaxal. Both 
classes of crystal may occur in the same shell. 

Two main views have been held with regard to the formation 
and structure of the shell — (1) that of Bower bank and Carpenter, 
that the shell is an organic formation, growing by interstitial 
deposit, in the same manner as the teeth and bones of the higher 
animals ; (2) that of E^aumur, Eisig, and most modern writers, 
that the shell is of the nature of an excretion, deposited like 
a cuticle on the outside of the skin, being formed simply of 
a number of calcareous particles held together by a kind of 
‘ animal glue.’ Lcydig’s view is that the shell of the Monoto- 
cardia is a secretion of the epithelium, but that in the 
Pulmonata it originates within the skin itself, and afterwards 
becomes free.^ 

According to Carpenter, when a fragment of any recent shell 
is decalcified by being placed in dilute acid, a definite animal 
basis remains, often so fine as to be no more than a membranous 
film, but sometimes consisting of an aggregation of ' cells * with 
perfectly definite forms. He accordingly divides all shell struc- 
ture into cellular and memlranous, according to the characteristics 
of the animal basis. Cellular structure is comparatively rare ; it 
occurs most notably in Pinna, where the shell is composed of a 
vast multitude of tolerably regular hexagonal prisms (Eig. 162 B). 
Membranous structure comprises all forms of shell which do not 
present a cellular tissue. Carpenter held that the membrane 
itself was at one time a constituent part of the mantle of the 
mollusc, the carbonate of lime being secreted in minute * cells ’ 
on its surface, and afterwards spreading over the subjacent 
membrane through the bursting of the cells. 

The iridescence of nacreous shells is due to a peculiar 
lineation of their surface, which can be readily detected by a 
lens. According to Brewster, the iridescence is due to the 
alternation of layers of granular carbonate of lime and of a very 
thin organic membrane, the layers very slightly undulating. 
Carpenter, on the other hand, holds that it depends upon the 

' ^ Arch, Naturgesdi,, xlii. p. 209. 
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disposition of a single nienibninous layer in folds or plaits, which 
lie more or less obliquely to the general surface, so that their 
edges show as lines. The nacreous type of sliell occiu-s largely 
among those Mollusca wliich, from other details in tlieir organisa- 
tion, are known to represent very ancient forms (c.g. Nvcula, 
Aviada, Trigonia, NautUuH), It is also the least permanent, and 
thus in some strata we hud that only casts of the nacreous shells 
remain, wliile those of different constitution are preserved entire. 

Porcellanous shells (of which the great majority of ( Jastero- 
poda are instances) usually consist of three layers, eaeli of wliich 
is composed of a number of adjacent plates, like cards on edge. 
Tlic inclimition of the plates in tlie tlifferent layers varies, but 
that of tlie plates in the inner and outer layer is frequently the 



Fig. 162. — A, Section of shell of Unio ; «, periostraoal layer; &, ])risinatic layer; r, 
nacreous layer. B, Horizontal section of shell of rinna, showing the hexagonal 
prisms. 

same, tlius if the plates are transverse in the middle stratum, 
they are longitudinal in the inner and outer strata, and, if 
longitudinal in the middle, they are transverse in the other two. 
Xot uncommonly (Fig. 163 B) other layers (Xjcur. In bivalves 
tlie disposition and nature of the layers is much more varied. 

In Uiiio tlie periostracal or uppermost layer is very thin ; 
beneath this is a prismatic layer of no great dejith, wliile the 
whole remaind(»r of the shell is nacreous (Fig. 162 A). Many 
bivalves show traces of tubular structure, while in the Veneridae 
the formation and character of the layers approaches closely to 
thfit of the Gasteropoda. Further details may be gathered from 
Carpenter’s, researches.^ 

^ Dr. W. B. Carjicnter, Eep, Brit. Ass. xiii. p. 71; xiv, p. 1 ; xvii. p. 93 ; J. S. 
IJowerbank, Trans, Micr. Soc. i. p. 123 ; Ehrenbaum, ^cit. vnss. Zool. xli. p. 1. 




IX 


DEPOSITION AND FORMATION OF SHELL 


255 


Formation of Shell.^ — The mantle vumjin is tlie principal 
agent in the deposition of sliell. It is true that if the shell he 
fractured at any point, the hole will be repaired, thus sliowing 
that every part of the mantle is furnished wuth sliell-depositiiig 
cells, but such new deposits are devoid of colour and of periostra- 
cuiii, and no observation seems to liave been made with regard to 
the layers of whicli they are compostid. As a rule tlie mantle, 
except at its margin, only serves to thicken the innermost layer 
of sJiell. 

It is probable tliat tlie cjirbonatc of lime, of wliich tlie sliell 
is mainly composed, is separated from the blood by the epithelial 
(jells of the mantle margin, and takes the crystalline or granular 
form as it hardens on (‘xposure after deposition. The three 
layers of a porcellaiious shell are deposited successively, and 



ABC 

Fia. 163. — Sections of shells. A, Conus : outer layer ; middle prisniat'n: layer, with 
idjliquely intersecting laminae above and below ; c, inner layer. B, Oliva : outer 

layer ; d, la 3 ’er of crossed ainl curved laminae ; c, prismatic laj'er, .succeeded }>y 
layer of laminae at right angles to one another ; inner layer. C, Cftjnnea : «, 
outer layer ; 6, middle layer ; c, inner layer. 

the (3xtreine (^dge of the mouth, wluni shc^ll is foruiing, will 
(jontain only one layer, tlie outermost ; a little furtlier in, two 
layers appear, and further still, three, 'flie pigment ctdls whicli 
colour the surface are situated at the front edge of the mantle 

Shelly matter is deposited, and probably secreted, not only by 
tlie mantle, but also in some genera by the foot. This is certainly 
the case in CyviMum^ Oliva, Amillaria, Cassis, Di star tin, and 
others, in several of whicdi the foot is so large that the shell 
appears to be (piite immersed in it.‘^ 

• ^ See also p. 258. “ J. E. Gray, Phil. Tracis. 1833, p. 774 f.‘ 
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The deposition of shell is not continuous. Eest periods occur, 
during whicli the function is dormant ; these periods are marked 
off on the edge of tlie shell, and are known as lines of growth. 
In some cases {Murex, Triton, Jtanella), the rest period is marked 
by a decisive thickening of the lip, which persists on the surface 
of tlie shell as wliat is called a varix (see p. 26 o). 

The various details of sculpture on the exterior surface of the 
shell, the striae, ribs, nodules, imbrications, spines, and other 
forms of ornamentation are all tlie product of similar and 



Fi«. 1G4 . — tenuispina L,, Ceylon. 


corresponding irregularities in the mantle margin, and have all 
been originally situated at the edge of the lip. Spines, e,g, those 
of Murex and Pteroeerm, are first formed as a hollow thorn, cleft 
down its l(jwer side, and are afterwards filled in with solid matter 
as the mantle edge withdraws. What purpose is served by the 
extreme elaboration of these spiny processes in SQjLue cases, can 
hardly be considered as satisfactorily ascertained. Possibly they 
are a form of sculptural development which is, in the main, pro- 
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tective, and secures to its owners immunity from the attacks of 
predatory fishes. 

‘ Attached ’ genera (e.g. Chama, Spondylus) when living on 
smooth surfaces have a fiat shell, but when affixed to coral and 
other uneven surfaces they becjome very irregular in shape. The 
sculpture of the base on which they rest is often reproduced in 
these ‘ attached ’ shells, not only on the lower, but also on the 
upiMU' valve, the growing edge of which rests on tlie uneven 
surface of the base. Oysters attached to the branches of the 
mangren e frequently display a central convex rib, modelled on tlie 
shape of the branch, from which the plaits of sculpture radiate, 
while specimens fix(;d to the smooth trunk have no such rib. 
Crepidula, a genus whicli is in the habit of attaching itself to 
other sludls, varies in sculpture according to that of its host. 
Sometinu^s tlie fact may be detected 
that a specimen has lived on a 
riljlxHl sluill when young, and on 
a ■ smootli one when old, or vice, 
versd, A new genus was actually 
founded by Brown for a Capulus 
which had acquired ribs through 
adhesion to a Pecten. A specimen 
of Hhimtes giyantoAis in the British 
Museum must at one period of its 
growth have adhered to a surface on 
which was a Serpula, the impression 
of which is plainly reproduced on 
the upper valve of the Hbinites} 

Growth of the Shell. — No- 
thing very definite is known with 
regard to the rate of growth of the shell in marine Mollusca. 
Under favourable conditions, however, certain species are known 
to increase very rapidly, especially if the food supply be abundant, 
and if there is no iiufonvenient crowding of individuals. Petit, 
de la Saussaye mentions^ the case of a ship wliicU stiilcd from 
Marseilles for the west coast of Africa, after being fitted with an 
entirely new bottom. On arriving at its destination, the vessel 
spent 08 days in the Gambia Kiver, and took 86 days on its 
homeward voyage. On being cleaned immediately on its return 

^•J. E. Gray, Phil, Tram, 1833, p. 774 f. - J(nim, de Conchyl, iv. p. 421. 

VOL. Ill S 



Fid. 16(). — A Rpcciineii of Anomia 
ejihijtjiium L., Weymouth, taken 
upon PvHm imiximns^ the sculp- 
ture of which is reproduced on 
the upper valve of the Anmnia, 
and even on a young Arwmia, 
attached to the larger specimen. 
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to Marseilles, an Avicula 78 mm. and an Ostrea 96 mm. long 
Xboth being species peculiar to W. Africa) were taken from its 
keel. These specimens had therefore attained this growth in at 
most 154 days, for at the period of their first attachment they 
are known to be exceedingly minute. P. Fischer relates ^ that in 
1862 a buoy, newly cleaned and painted, was placed in the basin 
at iVrcachon. In less than a year after, it was found to be 
covered with thousands of very large Mytilus eduUs, 100 mm. 
X 48 mm., the ordinary size on the adjoining banks being only 
about 50 to 60 X 30 mm. 

Some observations have already been recorded, (p. 40) on 
the growth of Helix dspersa. In the summer of 1858, which was 
very dry, especially in the south of France, the young Helices 
born that year were still very small in August. About the end 
of that month abundant rain came on, and in foiu* or five days 
young H variabiliSf H. pisana, and H. aspersa, eating, witliout cessa- 
tion, as if to make up for lost time, grew more than a centimelrt? 
of shell. The lip of a young H, arlmstorum has been observed to 
have grown, at the end of the first week in the season’s growtli, 
3 mm., at the end of tlie second week, 6*25 mm., the third, 
11'5 mm,, and the fourth 12'5 rum., with a finished lip.‘-^ 

Careful observation has shown that in the growth of tlie shell 
of Helix aspersa the periostracum is first produced; it is covered 
with hyaline globules, 10—12 mm. in diameter, which persist eveji 
in the oldest shells. Calcareous matter is deposited on tlie 
internal face of the new periostracum, at some distance from the 
margin. It is secreted by a white zone or band of cells bound- 
ing the entire breadth of the mantle as applied to the peristome. 
Immediately behind the white zone are a series of pigment cells 
which not only give the shell its colour but complete the 
calcification of the shelly matter laid down by the white zone. 
When the animal has attained its full growth and the lip is 
finished off, the white band and the periostracum cells completely 
disappear, and only such cells persist as contribute to the internal 
thickening of the shell. Shell growth, in this species, is very 
rapid. If a portion of the pulmonary sac is laid bare, by remov- 
ing a fragment of shell, at the end of 1^ or 2 hours there may 
be detected a delicate organic membrane covering the hole, 
and strewn with crystals of carbonate of lime. This thickens 
^ Jcum. de ConvchyL xii. p. 3. ^ T. Scott, Jonm, of Conch, ^ 1887, p. 230. 
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with great rapidity, and soon fills up the hole with solid matter. 
For two consecutive months an animal, deprived of food, has been. 
• known to reproduce this membrane daily after its removal every 
morning.^ Prof. Schiedt has found that oysters, if deprived^ of 
tlie right valve and exposed to the light, not only develop brown 
pigment over the whole exposed surface of mantle and branchiae, 
but actually succeed in part in reproducing tlie valve and hinge.^ 

Deposit of Additional Layers of Shell. — Mollusca possess tlie 
power of thickening the interior of the shell, by the deposit of 
successive layers. This is frecpiently done in self-defence 
against the attacks of boring Mollusca, sponges, and worms. 
Cases may often be noticed of Ostrra, Spondylus, and otliei* 
sedentary molluscs, which, unable to escape the gradual assaults 
of their foes, have provided against tliem by the deposit of fresh 
shelly matter. A somewhat similar plan is adopted to provide 
against intrusion by way of tlui aperture. 

Pearls are, hi many cases, tlie result of 
shell deposition upon the eggs or even the 
body of some intrusive parasite {JHstoma, 

- Filaria, etc.), and are, in some countries, 
artificially produced by the introduction of 
fragments of sand, metal, etc., into living 
Uiiio and Anodonta. Little loss images specimeii of 

^ Helix romeva Mull., 

are made in India and China, the nacre iTm... a.fn 

on whicli is produced by thrusting them 
inside living Unionidae, 

A specimen of Helix rosacea, in the 
British Museum,* into whose sliell a piece 
of grass somehow * became introduced, has 
partitioned it off by the formation of a 
sort of shelly tunnel extending throughout its entire length 
(Fig. 167 ). 

Absorption of Internal Portions. — Certain genera have the 
remarkable property of absorbing, when they become adult, the 
internal portions of the whorls and the greater part of the 
columellar axis. The effect of this is to make the shell, when 
the process is complete, lio longer a spiral Init a more or less 
produced cone, and it is found that in such cases the viscera of 

^ M. de Villepoix, Comptes Hejidtts, cxiii. p. 317. ^ 

• 2 jc. NftU Sc. Fhil. 1892, p. 350. 



Cape of Good Hope, into 
M'liicli a piece of grass 
lias by some niean.s be- 
come introduced. The 
animal has jtrotected 
itself hy covering the 
grass with a slielly layer. 
(From a Kpecimen in the 
British,. Mhseum. ) 


26o absorption of internal parts — DECOLLATION chap. 


the Spire lose their spiral form, and take the shape of the cavity 
in which they lie. Amongst the genera in which this singular 
process takes place are Nerita} Olivella, and Cypraea 
amongst marine forms, and nearly the whole of 
the Auriculidae ® (Fig. 168). Cojlus reduces the in- 
ternal subdivisions of the spire to extreme thin- 
ness. Tt is noticeable that these genera are all 
of considerable thickness of sliell, and it is per- 
haps tlie result of the whole energy of the animal 
being directed to the formation of its. external 
protection that tlie internal walls of the spire 
become atrophied and eventually disappear. 

1 A in Decollation. — In certain genera, when the 
cHla Jiidae shell becomes adult, tlie animal ceases to occupy 
tlfe^ disap^a^^^ upper wliorls, which accordingly die and drop 
anco of the off, the orifice at the top having meanwliile been 
which shelly deposit. Such shells are termed 

are represented decollated, Tn Some land genera decollation is 
(After^cher) Cylindrella (Fig. 1C9), Hl'ucalo- 

diiini, and Bumiim, as well as in many species of 
the brackish water genera, Tmncatella, Cerithidea, and Quoyia. 




Fig. 169. — A, Decollated (adult) Fio. 170. — Development of Coecum: A. 

form, and B, perfect (young) showing the gradual formation of 

form of Cylimlvella ndbUiof septa ; «, apex ; aperture ; aa, 

Ad., Jamaica ; the dotted first sejdum ; jV, second septum, 

line shows where decollation (After de Foliii.) B, Adult form of 

takes place. C, ehurtieum Ad., Panama, x 8. 

Stenoyyra {Ramina) decollata, a common shell in the south of 

* Mr. B. B. Woodward has recently pointed out (P. Z. S. 1892, p. 528) a very 
remarkable method of shell absor|)tiou and growth in Velates and certain other 
Ncritidae. 

^ The only exception appears to he PedipeSf while in Caasidula and Scalrodm3 the 
absorption is (Crosse and Fischer, Jmirn. dc OomJi. xxx. p. 177 f). * 




Flo. 171. — Four stages in the growth of Fissurdla, showing how the spire gradually 
disappears and the marginal slit becomes an apical hole, A, B, C, highly magni- 
fied, D, natural size. (After Boutau.) 


Special Points in the Growth of Certain Genera. — In the 

young of Coecum the apex is at first sjiiral, but as growtli 
proceeds and tlio long tul)e begins to form, a septum is produced 
at the base of the apex, which soon drops off. Soon aftorw’ards, 
a second septum forms a little forther down, and a second pii'co 
drops off, leaving the shell in the normal cylindrical form of the 
adult (Kig. 170). Tlie development of Fisaurella is oF extreme 
interest. In an early stage it iiossesses a spiral shell, witli a slit 
on the margin of tlie outer 
lip of the last whorl. As 
growth advances, slndly 
matter is deposited on both 
margins, which results in 
the slit becoming a liole 
and the spire a mere cal- 
losity, until at last they 
appear to coalesce in . tlie 
apex of the adult shell (Fig. 

171). Tlie singular forma- — ^Three stages in the growth of Cyjyraea 

. 1 ^ e.r/inth€i)ia L. (From spccimeiia taken at 

tions of Magilus and Bhizo- Panama.) 

chilus have already been 

described (pp. 75, 76). Cypraea, in the young stage, is a thin 
spiral shell with a conspicuous apex. As growth proceeds, the 
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surface of the whorls, which are nearly enveloped hy two large 
lobes of the mantle, becomes. overlaid with new layers of shelly 
matter, until eventually the spire becomes embedded, and ulti- 
mately disappears from view (Fig. 172). 

Fatella, when young, has a nautiloid shell (see Fig. 45, p. 
134), but it is a remarkable fact that we are entirely ignorant, in 
this commonest of molluscs, of the transition stages which convert 
the nautiloid into the familiar coniciil shell. The young shell of 
Pteroceras is deceptively unlike the adult, and is entirely devoid 
of the finger-like processes which are so characteristic of the 
genus (chap. xiv.). 

Among the bivalve Mollusca, Anomia in a young stage is 
not to be distinguished from Ostrefi. Soon a small sinus ai)pears 

on the ventral margin, which 
gradually deepens and, as the 
shell grows round it, forms a 
hole for the byssus, eventually 
l)ecoming fixed beneath the um- 
bones (see Fig. 173). In Teredo 
the two valves of tlie shell proper, 
which is very small, become 
lodged in a long calcareous* tube 
Fig. 173.— Development of the byssus-or or cylinder, which is generally 

plug-hole in (After Morse.) . i i -n 

open at both ends (see Chap. xvi.). 
In Aspergillum a somewhat similar cylinder is developed, but 
the valves are soldered to the tul^, and form a part of it, the 
tube itself being furnished, at the anterior end, with a disk, which 
is perforated with holes like the rose of a watering-pot. In 
Clavajella the left valve alone becomes soldered to the tube, 
while the right valve is free within it (see Chap. xvi.). Fistularm 
encloses the whole of its shell in a long tapering tube, which is 
not at any point adherent to the shell. 

Terms employed to denote vaxious Parts of the Uniyalve 
Shell. — The apex is the extreme top of the spire, and generally 
consists of the embryonic shell, which may often be recognised 
,by its entire want of sculpture. When the embryonic shell 
happens to be large, the apex is often mammillated, e,g. in Fusus, 
Neptunea, and some Turhinella; in the Fyramidellidae it is 
sinistral. 

The suture is the line of junction between any two successive 
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■* 

whorls. It maybe deep, and even channelled, or shallow, 
as in Fig. 150 B (p. 246). ’ 

The spire is the whole series of whorls except the last or 
body whorl. A whorl is a single revolution of the spiral cone 
round the axis. The spire may be svhulate (as in Terebra, Fig. 
150 C), turretted {Sccdaria), depressed {Polygyratia, Fig. 150 A), 


apex 


suture 


varix 

umbilicus 


columella 
anterior cniial 



Fig. 174. — Illustrating the technical terms applied to the various parts of a 
univalve shell. 


conical {Trochus), globose {Ampullaria, Natica, Fig. 150 B), with 
almost all conceivable gradations between these types. The 
number of whorls is best counted by placing the shell 
mouth downwards, and reckoning one for every suture that 
occurs between the extreme anterior point of the shell and 
the apex. 

The mouth or aperture may be (a) entire, as in Helix, 
Nrctica, Ampullaria, when its peristome or margin 
is not interrupted by any notch or canal, or (6) 
prolonged at its anterior and sometimes also 
at its posterior end into a canal. . The anterior ,, 
canal serves as a protection to the siphon,^ the 
posterior canal is mainly anal in function, and 
corresponds, in part, to the hole of Fissurella, 
the slit in Pleurotoma and Emarginula, and the pia. 1 75.— Anal 
row of holes in Haliotis, The mouth presents Pieur<h 

every variety of shape, from the perfect circle 
in Cyclostoma and Trochus, to the narrow and prolonged slit in 
Conus and Oliva. 

Tlie right margin of the mouth, (the left, in sinistral shells) is 

^ Stromhua and Pteroeeras (see Fig. 99, p. 200) oxceptionally develop a siphonal 
u^rtcli ivhicli is distinct from the anterior canal. 
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termed the outer lip or .lohrum^ the left margin the inner lip, 
labium, or columella lip} In young shells the outer lip is 
usually tliiii and unfinished, while in tlie adult it is generally 
thickened into a rib, or furnished with more or l(»ss prominent 
teeth, or given fin inward or outward (uirve. In some genera, 
especfially the ytromlndae, the outer lip c)f the adult develops 
long finger-like processes, which sonuitimes attain an extra- 
ordinary size (Chap. xiv.). As growth proceeds, tlu^se marginal 
teeth and ribs are either dissolved and disappear, or are perina- 
iiently incorporated, in the shape of varices, with the framework 
of the shell. Some shells, c.g. Natica, Turritella, Actacon, have 



Fio. 176 . — Solarium perspectivuin 
Larii., from tlio under side. 



Fia. 177.“- Section of TurhineUa 
■ P!/rum L., sliowiuf? the plicae 
on the colninelhi and the growth 
of successive whorls. 


a permanently unfinished outer lip, even in the adult stage. 
The columella lip vnries in shape with the mouth as a 
whole ; thus it may be strjiight, as in Conus, or excavated, 
as in Sujaretus, Utrutliiolaria, and Bulla, Frequently it is 
continued by part of the body whorl, as in Fimla, Dolium, and 
Fasciolaria. 

The folds or plaits on the columella, which are often charac- 
teristic of the genus or even fahiily Fasciolariidae, Mitridae, 
Turbinellidae) are not merely external, but continue down the 

^ The columella, as distinct from the columella Up, is the solid pillar of shell 
round which the whorls are coiled (Fig. 177), the lower, or anterior portion of which 
alone is usually visible. 
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whole spire (see Fig. 177, which also shows how successive fresh 
growths have thickened the columella). 

The whorls may he wound in a spiral, which is either hollow, 
as in Solarium, or quite compact, as in Olira, Terehra, Cjipraro, 
with (wery possible intermediate grade. This concjivity, whi(*h 
varies in depth and width, is known as the nmhiilrus, and sladls 
are accordingly spoken of as deeply {e.y, most Tro(*hidao and 
Naticidae), narrowly (c.g. Lacmm, TAttorina), or widely (c.g. 
Solarium) wnihilicated. When the s])iral is (piitc flat, as in 
Planorlris and some Helix, the iimluliciis vanishes ejitirely. 
Shells in which the whorls are so com])actly coiled on an 
ascending spiral that there is no und)ilicuH, arc tm’nied imper- 
forate. 

The Slit. — Many shells are furnished with a slit in tlu‘. last 
whorl, whi(‘h opens, in most cases, on the outer lip, and is some- 



Fioi. 178. — The slit in A, Uemitoma, B, Emarginula, C, Macroschtswa, D, Cramopsi.% 
E, PundiiTclla, F, Fissnnila, 

times of considerable depth, at others a mere notch. Tii the 
patelliform shells it is always in front of the apex. 'I’he function 
of the slit appears to 1x3 mainly anal, th(3 excretory products 
being thus allowed to esctipe by a passage of their own, without 
soiling the clean water taken in by the l)ranchiae. .The posterior 
camd of some Gasteropoda prubalily junforms a similar func tion. 
In the adult Fissurella the slit bc^conies an a])ical hole (sexi Fig. 
178 F), in the allied genera it is either immediatedy in front of 
the spire {Pmwturella), or half-way bctwc'cn the spire and the 
anterior margin (Rhrmla), or on the margin and well marked 
(Emaryimda), or a mere indentation of tlu^ margin {irp/mitoma). 
In Pleurotomaria it is exceptionally long, and is well marked in 
Bellerophon, Schismope, Scissurella, Murchisoiiia, and Plewrotonm 
(where it is sutural). In Haliotis and Polytremaria it is replaced 
by a series of holes, which are closed up as the animal grows 
past them. Some of these holes (at least in Haliotis) certainly 
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serve the purpose of admitting water to the branchiae, while 

others are anal. In Trochotoma 
there are only two holes, united by 
a narrow fissura 

The Tvhed Land Operculates , — 
group of the Cyclophoridae, which is 
restricted to Further India and the 
great Malay Islands, has developed 
a remarkable sutural tube on the 
exterior of the last whorl, near 
the aperture. A similar tube, but 
more obscure, exists in Alycaeus. 
Several stages in the development 
« I fills tubemaybenoticed,l)egin- 

PiG. 179. -The sUt in A, 

B. Piemoiomavia^ C, Schi^pe, niiig With the elevatioii of part oi - 
p, PdytremaHa^- B, Uaiiatu (not peristoiiie into a simple irregu- 

lar shelly plate, which is continued, 
first into a sliort, and then into a long tulie, which becomes 
soldered to the shell; finally, the tube becomes free, and the 
anterior part of the last whorl is disconnected from the spire 
(Fig. 180 A-D). 

It is singular tbit the tube does not appear to be of any use 
to the animal, since its internal extremity, in the complete form. 




Fig. 180. — Development of the tube in the tui)ed operculates ; A, Pterocycus rvpestria 
Bens. ; B, Opiathoporua biroatria Plr. ; C, Spircmvluni travancoricum Bedd. ; D, 
Rhioatonm Houaei Pl'r> 


••is closed, and does not commmiicate with the interior of the 
whorl. It may bo presumed, however, that in origin the tube 
served, as a means of conveying air to the animal when the 
operculum was closed. The holes in the peristome of Pupina, 
Cataulus, and Anostoma (Fig. 154) may be compared. 
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The Operculum. — The operculum is a cuticular developineiit 
of a group of cells situated on the dorsal 
side of the foot, exactly over the terminal 
point of the fibres of the columellar muscle. 

It is so situated that in crawling it is 
generally carried free of the shell, some- 
times at the extreme uj)per end of the foot, 
more usually somewhat nearer to the shell 
(Fig. 181). In Pterocyclus it is pushed back 
into tlie umbilicus when the animal is in 
motion. 

Tlie operculum is present in nearly all 
land, fresh- water, and marine Prosol )raii- 
chiata, absent in all Opisthobranchiata in 
the adult state, except Actaeon, and in all 
Pulmonata, except Amphihola, It has been 
lost in the following marine Prosobran- 
cliifita : many Cancellariidae and Conidae, 

Oliva (though present in Olivella and 
Ancilla), Harpidae, Marginellkhxe, Valuta 
sent in V. mumca)^ nearly all Mitridae, Cypraeidae, Doliidae, 
Taiithinidae ; and, of land genera, in Proserpinidae. It is evident, 
therefore, that its presence or absence is of limited value in 
classification. In some species of Ampullaria and Natica it 
is horny, . in others shelly. Dali found that in a number of 
specimens of Volutharpa ampullacea, 15 p.e. had opercula, 10 
I).c. traces of the oi)erculigenous area, but no operculum, the rest 
no trace of either. Monstrosities of Bucciuum nndatum some- 
times occur, which have two, or in rare cases three opercula. 

As a rule, the operculum exactly fits the mouth of* the shell. 
But in cases where the mouth is very large (e.g. Conus, Stromhus, 
Concliolepas, some Bullia), it only covers a very small portion 
and is quite inadequate as a protection (Fig. 62, p. 155). Again, 
when the shell has assumed a more or less limpet-shaped form, 
and habitually adheres to fiat surfaces without much occasion for 
locomotion, the operculum becomes degraded and is probably on 
the way to being lost altogether. This is the case with Nam- 
cella (a modified see Fig. 13, p. 17), Concholepas (a modi- 

fied Purpura), Sigaretus (a modified Natica). Probably the more 
cohipletely patelliform shells of Crepidula^ Haliotis, Fissurella, 



Fia. 181. — Ehuma spiraija 
Lam., E. Indies. F, 
foot ; OP, operciiliiin ; 
P, penis ; S, siphon ; 
T, tentacles, with eyes 
at their base. (After 
Souleyet.) 

proper (though pre- 
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arid Patella have reached the stage at which the operculum has 
been lost entirely. In Navicella, besides becoming degraded, the 
operculum has actually become partly internal, and apparently 
serves the purpose of separating the viscera from the upper 
part of the foot, something like the shelly plate in Crepidula. 
This explains why the operculum in this genus is polished on 
both sides.^ 

Some authors have imagined that the operculum is homo- 
logous (a) to the second valve in Pelecypoda, (J) to the byssus. 
It differs, however, morphologically from the former in tlie 
essential point of not being produced by the mantle, and from 
the latter in not being produced by a Rj)ecial gland. 

As regards shape and formation, the operculum has usually 
a more or less well-marked nucleus which may be central (e.g. 
Livona), subcentral {Ainpullaria), lateral {Purpura), or terminal 



Turbo Turbo Livona Ainpullarfa Natlca 

(Saniiaticus) (Callopoina) 

Fig. 182. — Various forms of opercula. 


(Pyrula). As a rule, both the inner and outer surfaces are fairly 
flat, but in Torinia, Cyathopoma, and Pterocyclus the outer sur- 
face is elevated and conically spiral, in some Turbo (e.g, Sarrmti- 
cus) it is covered with raised tubercles resembling coral, while in 
otl^ers (e.g. Callopoma) it is scored with a deep trench. Aulo- 
poma, a land genus peculiar to Ceylon, has a paucispiral oper- 
culum with hollow wiiorls, deceptively like a Planorbis ; it fits 
over the aperture instead of into it. In Livona and most 
•Trochidae the operculum is cartilaginous and multispirsl In 
Strominu it is narrow, curved, and often sen'ated like a leaf 
on one of tl\e edges ; in Conus it is narrowly oblong and rather 
featureless; in JAttorina, paucispiral and always cartilaginous. 

1 J. £. Gray, PhU. Tram. 1833, p. 812. * 




IX 


269 
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In many cases (e.g, Pcdudina) there is no true spiral form, but 
the striae are concentric to a nearly central nucleus, and thus 
give the appearance of a spiral. The evolution of the oper- 
culum in Navicdla from Nerita has already been illustrated (p. 
10). Neritopais has a very remarkable operculum, the striated 



Pyrula Purpura Littoriiia Aulopoma Torinia XeritopBls Conus 

xf xS Strombus x2 

Fig. 183. — Various forms of opercula. 


appendage of which locks behind the columella of the shell, like 
the tooth in the opercula of the Neritidae. 

Terms employed to denote various parts of the Bivalve Shell. 

— The urribo, or leak, is the apex of the hollow cone, of which 
each valve may be regarded as consisting. This apex is usually 
more or less twisted : it is markedly spiral in Isocardia, Dicems, 
some Charna, and especially Mequienia, while in Pecten, Lepton, 
and others the spiral is altogether aljsent. As a rule the 
umbones point forward, Le, towards the anterior end of the 
shell. In Donax, Nucula, and Trigonia, however, they point 
backward. The umbones are generally more or less approxi- 
mated, but in Area they are widely separated. 

An equilateral shell is one in which the umbones pre more 
or less central with regard to its anterior and posterior portion, 
while in an inequilateral shell the umbones are mudi nearer one 
end than the other. On the other hand, equivalve and inequi- 
valve are terms used to express the relation of the two valves 
to one another as a whole. Thus nearly all bivalve shells are 
more or less inequilateral, but a comparatively small proportion 
are inequivalve. 

The dorsal margin is adjacent to, the ventral margin opposite 
to, the umbones. The anterior and posterior margins are respec- 
tively the front and hinder edges of the shell 

The muscles which serve to close the valves Iteave impressions 
on the inner surface of each valve. These, when both muscles 
are present, are known as the anterior and posterior adductor 
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impressions. The impression produced by the muscular edge of. 
the mantle, which curves downwards and backwards from the 
anterior adductor impression, is known ns the pallial line. In 
shells with only one muscle it is representcid by an irregular row 
of small marks, or disappears altogether {Ostrea). The 
sinus is i:)roduced l)y tlie muscles whicdi retract the siphons, 
and is most marked in those genera in which the musedes are 
powerful and the siplions large (e.g. Tellina, Mya), It is entirely 
absent in genera i)ossessing no retractile siphons. 
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Fkk 184 — Left valve of Vmils gnidia L. : 
A, anterior, B, i)Osterior, C, dorsal, 
D, ventral margin, AB, length, GD, 
breadth of shell. 

a.77if anterior ; posterior adductor 
muscle ; pallial line ; p.s, pallial .siiiu.s; 
/, ligament ; lunule ; n, umbo ; c, 
cardinal teetli ; a.l, anterior lateral tooth ; 
p.lf posterior lateral tooth. 



Fig. 185 . — Right valve of Ltieina tigeriim 
L. : A, anterior, B, posterior, C, dorsal, 
D, ventral margin ; AB, length, CD, 
breadth of shell. 

a.iHy anterior; p.w, ] )0.sterl or adductor 
nimscles ; p, 2)allial line ; /, ligament ; //, 
umbo ; r, cardinal teeth ; a. I, p.l, ante- 
rior and i)osterior lateral tooth. 


Eight and Left Valve , — The simplest way of distinguishing the 
valves as right and left is to hold the shell in such a way tliat 
the siplions point towards the observer, and the mouth away 
from liim ; in this position the valve to the riglit is (.*allcd tlie 
right valve, and tlie valve to the left the left valve. If, howi^ver, 
the animal is not present, it may lie remembered that the liga- 
ment is nearly always behind the beaks, and that the beaks, as a 
rule; point /or avtrr/, thus the right and left valves can generally 
be named by observation of tlie beaks and ligament. When the 
ligament is median to the valves (e.g. Ostrea, Pecten), and the 
beaks are not curved, the valves may be recognised by noting the 
fact that the impression of the adductor muscle (in these cases 
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alw^iys single) is nearer to the posterior than to the anterior 
side. In a similar way the pallial impression, which only Ibrms 
a sinus on the posterior side, furnishes a guide to the valves of 
IkmaJiy in which the beaks point backward, and of Telliiuty in 
which the beaks are frecpiently central. 

In the fixed inecpiivalves (e.g. Chama) it is sometimes the 
right, sometimes the left valve which is undermost, but the 
lixed valve, whetlier right or left, is always deep, and the frcie 
valve flat. Ostrea and Anomict are always fixed by the left 
valve. 

Tlie lumde is a well-marked area in f ront of and close to the 
urnbones, usually more or less lieart-sliaped, and 
limitol by a ridge. Oenerally it is sliallow, but 
sometimes, as in Dosvnia, Ojns, and some OfmHum, 
dticply impressed. A correspontling area, hehind 
the umbones, enclosing tlie ligament, is eallcnl 
the fsenicheon (Fig. 180), but it seldom occurs. 

The ligament is a more or less elastic band, 
which unites the two valv(^s along a line adjacent 
to the umbones. As a rule, tlie greater ])art of 
the ligament is external to the shell, but it may 
be entirely internal. It is placed, normally, 
hehind the umliones, but in a few cases, when 
the hinge line is very long {Area, J^eef/nneulnH), 
it extends in front of them as well. The cidges 
of the valves, when the ligament is mainly external, are more or 
less excavated for its reception. When internal it is generally 
contained in a groove or spoon-shaped j)it, known as tlu? fonHette 
(compare Fig. 187). 

The ligament consists of two distinct jiarts, which may occur 
together or separately, the external, or ligament proper, and the 
internal, or ea/rtilage. Only the external portion can lie seen 
when the valves are closed. As a rule., the two jiortions artj 
intiniatcly connected with one another, the ligament folding over 
the cartilage, but in some cases, e.g. My a, Mfvetra, where the 
cartilage is lodged within the hinge, they are completely discon- 
nected (Fig. 187). 

In Pecten the (External ligament is very thin, and runs along 
the dorsal margin, while tlie internal ligament is large, solid, 
and situated in a shallow j)it. In Perna, where the hinge is 



es 

Fio. 1S6. — Venus 
sifhrtMh'tUa Lam. : 
es, csciitfilioon ; 
//, ligament ; In, 
luiiiile ; u, e, 
umbones. 
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toothless, the ligament is folded into a number of transverse 
ridges, which fit into corresponding grooves in the shell. 

The ligament proper is inelastic and insoluble in caustic 
potash. The cartilage is very elastic, composed of parallel fibres, 
slightly iridescent, and soluble in caustic potash. 

The operation of the ligament — using the word as including 
the whole ligamental process — is in opposition to that of the 

adductor muscles. When the latter 
/ close the valves, they compress the 
^ A ligament, an action which its elas- 

^ M ticity resists : thus its operation 

tends in part towards keeping the 
ca ' valves open. But when ligament 

wlii B cartilage are both fully de- 

veloped, they work in opposition to 
one another, the ligament, by its 
.y resistance to compression, prevent- 

ing any straining of the adductor 
muscles wlien the valves are open, 
the cartiluge, for the same 
King; ca, cardinals ; anterior reason, preventing the ventral mar- 

meiit. rapidly upon one another when the 

valves are being shut. 

The, Hinge, — The valves of Peleey'poda are generally articu- 
lated, beb^w the uml)ones, by a hinge which is furnislied, in 
the majority of cases, with interh'^eking teeth, small pits or 
depressions in each valve corresponding to the teeth in the 
other. The teeth are distinguished as cardinal^ or those imme- 
diately below the umbo, and lateral, or those to either side of 
the cardinals, tlie latter being also distinguished as anterior and 
posterior laterals, according as they are before or Ijehind the 
umbo (Fig. 184). In shells which arc tolerably equilateral there 
is no dilliculty in distinguishing between cardinal and lateral 
teeth. But when they are very inequilateral, the whole hinge 
irfay share in the inequality of growth, and an anterior lateral 
may be thrown backward and simulate a cardinal, or a cardinal 
may be thrown backward and simulate a posterior lateral (e.g. 
Cardita, Unio, Fig. 188). In many Chama the cardinals are 
pushed up into the umbo and become a mere ridge, while the 
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strong anterior lateral becomes nearly central and simulates a 
cardinal. 

Some bivalves, e.g. Anodonta, Ostrea, Pedum, many Mytilus, 
have no hinge teeth at all, in others the laterals are wanting 


7 . 



Fig. 188. — Hinges gf A, Cardila semiorhiculaia liriig., and B, Unio rectiis Lam., show- 
ing how, ill ineqnilateraUshells, the lateral teeth tend to shift their position. <%.?/!, 
anterior adductor, p.m, posterior adductor muscle; c, c, cardinal teeth; 
posterior lateral teeth ; /, ligainuiit. 

(Psaynmohia, Piplodonta). In the Aniadae tlu^ hinge consists of 
a number of very similar denticles, whicli are often serrated like 
the teetli of a comb (Fig. 189). 

Ilinge-tccth are probably, in origin, derived from the crenula- 






Fig. 189.— The hinge in Arcadae: Fxo. 190.— A, Tridacna scapka Lam.; B, 

A, Nucula Loringi Ang. x f ; Oardium enode Sowb., showing the iuter- 

B, Area granosa L.; u.a, urn- locking of the ventral margins, 

bonal area. 

tions or ribbings of the surface of the shell, the upper ends of 
which impinge upon the dorsal margin and mark it in a way 
which is quite recognisable when the shell is thin. Similar 
crenulations, resulting in interlocking of the valves, are not 
VOL. Ill T 
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uncommon upon the ventral margin in certain genera (Fig. 190). 
The mechanical effect of these continued riblets, when fitted 
together on the opposing valves, would be to prevent the valves 
sliding upon one another while closing, or after being closed. 
Thus there would be a probability of their surviving, even after 
the ribbing had disappeared from the surface of the shell, the 
increased strength given by the hinge compensating for, and 
making it possible to do witliout, the extra strength supplied by 
the ribs. It is therefore possible that the teeth of tlie Jfuculidae 
and Arcadae, which have no distinction between cardinals and 
laterals, represent a very ancient type, from which have been evolved 
the various forms of hinge in which cardinals and laterals are 
distinguished. Even in some forms of Arcadae (comp. Pectun- 
cuius) we get a hint how the transverse tcetli of the typical 
Area may have become transformed into the longitudinal tooth 
of the normal lateral.^ 

The developed hinge-teeth, then, ensure the opening of the 
valves in one direction ; they also secure their accurate closure 
upon one another in exactly the same plane. Exposed shells 
and gaping siphons matter little to animals which are protected by 
their burrowing propensities, but to those which live in material 
which can be easily penetrated by their foes, it must be of 
advantage to be able to buckle their arjuour absolutely tight. 
The edentulous hinge of Anodonta is a degeneration from a 
dentate type, whicli retains its teeth (in Unio, etc.) when subject 
to the jar of rapid streams, but tends to lose them in the stiller 
waters of canals, lakes, and ponds. 

Other processes in the bivalve shell. — In Anatina each umbo 
is fissured and strengtliericd on the inside by a kind of umbonal 
■plate which carries the ligament. Some forms of TAligna 
develop a strong internal umbonal rib, which serves as a buttress 
to strengthen the shell. In Pliolcbs the so-called falciform pro- 
cess serves as a point of attachment for the muscles of the foot 
and viscera. There is no ligament or hinge-teeth, the place of 
the latter being taken by the anterior adductor muscle, which is 
attached to the hinge-plate, the latter being reflected back into 
the shell. 

In Septifer the anterior adductor muscle is carried on a 
sort of shelf or myophore, and in Cucullaea the posterior 
^ W. H. Dali, Amer. Jouttih Sc. xxxviii. j). 445 f. 
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adductor ‘ is partly raised on a similar and very prominent 
formation. 

Length and hreadth of bivalve shells is variously measured. 
Most authorities measure lengthy or ‘ aiitero-posterior diameter/ 
by a straight line drawn from the extreme anterior to the 
lixtreme posterior margin, and hreadth hj a similar line, drawn 
from the umboncs to a point, not very clearly marked, on the 
opposite ventral margin (see Figs. 184 and 185). Others, less 
correctly, reverse these terms. Thickness is measured by the 
extreme distance of the opposite faces of the closed valves. As, 
a rule, the length exceeds, and often greatly exceeds, tlie thick- 
ness, but in a few cases — e.g, the Cardissa section of Cardium — 
this is reversed. 

The 2 )eriostraeum, — Nearly all shells are covered, at some 
period of their growth, by a periostracMw^ or surface skin, wliich 
serves the purpose of protecting tlie shell ngainst the destructive 
effects of the chemical action set u]) Ijy water or air. It also, in 
some cases (see p. 258), acts as a kind 
of base upon which the shell is de- 
posited. In old shells it is commonly 
worn away, especially at those jiarts 
which arc likely to become abraded. 

The form and composition of the 
periostracum varies greatly. Some- 
times (e.g. Oliva) it is a mere trans- 
parent film, at others {Zonites) it is 
transparent, l)ut stout and solid. It 
is corneous in Solenovvgay covered 
with fine hairs in many Helicidacy 
in ConuSy Velutindy and Cantharus it 

is thick, fibrous, and persistent ; in j.,., m.- Triton oUarium L., 
Trichotropis and some Triton it is Mediterranean, an example of 

tiirnished with long bristles on a periostracum. x i. 

thick ground (Fig. 191). In fresh- 
water shells it is usually rather thick, in order to protect the 
shell from the erosive powers of certain kinds of water. In 
some cases {My ay Anatina) t\\^ lieriostracum is continued over tluj 
siphons, so as to form a protection throughout their whole length. 

’^The term epvdermiSy as distinct periostrorcumy is properly restricted to the 
outer layer of the skin of the vraintle and body generally. 
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Erosion . — The fresh-water Mollusca generally, and marine 
mollusea in a few rare cases {Purpura, Littorina) are subject to 
civsiony or decay in the shell substance. In univalves erosion 
usually seta in near the apex (Fig. 192), where the life of the 
shell may be regarded as weakest, and in bivalves 
near the umbones. It is commonest in old shells, 
and rarely occurs in tlie very young. So long as 
the periostracum is })resent to protect the shell, 
erosion cannot set. in, but when once it lias been 
removed the shell is lialde to tlie chemical changes 
set up ill its substance by water. Tliere is 
abundant evidence to show that erosion is caused 
by pollution of water. Out of many instances 
one must suffice. In a certain stream near Boston, 
Fig 192 - Ex ii^uRbers of Mollusca occurred, the shells of 

am]»ie of an which were very perfect and tree from disease. 



eroded fresh- 
water shell 
{Mdaniacon- 
fiisa Dohrn, 
Ceylon). 


Some little way down stream an alkaline manu- 
factory drained its ri^fuse into the water. At and 
below this point for some distance every shell was 
more or less ermled, most of them seriously. 
Farther down, whem the alkali rofuse became diluted away, the 
shells retained their normal condition.^ 

A small percentage of lime in the water apj)ears to produce 
erosion. The result of some experiments by G. W. Shrubsole, in 
the investigation of this point, may be tabulated as follows : - — 


Water from 

River Dee, near Chester 
Wrexham . . . . 

River Dee, near Llanderyel . 
Trent Canal 


Lime present 
per gall. 

3*00 grs. 
4*00 grs. 
0*53 grs. 
8*33 grs. 


Result. 

acted strongly on shells 
no action ,, 


* J. Lewis, Proc. Post. Soc. vi. p. 149. 


® Journ, of Comli, v. p. 6C. 


CHAPTER X 

GEOGRAPHICAL DISTRIBUTION OF LAND AND FRESH-WATER MOL- 

LUSCA THE PALAEAROTIC, ORIENTAL, AND AUSTRALASIAN 

REGIONS 

The Mollusca afford specially valuable evidence on problems of 
geographical distribution. This fact is largely due to their 
extreme susceptibility to any change in tlic conditions of life. 
Genera which are accustomed to live in a (pertain temperature 
and on certain food, cannot sustain life if the temperature falls or 
rises beyond certain limits, or if the required food be not forth- 
coming. There is therefore a marked contrast between the 
Mollusca of the tropics and of the temperate zones, while different 
regions in the same latitude, whether within or without the 
tropics, often show great diversity in their fauna. Every region 
is thus cliarcvcterised by its Mollusca. The Mollusca, for instance, 
of Australia or of South Africa characterise those countries quite 
as much as do tlie kangaroo and the emu, the hartebecst and tlie 
ostrich ; there is nothing like them anywhere else in the world. 
Ill the Greater Antilles the Mollusca stand out beyond all otlier 
forms of life as characteristic of the islands as a whole, and of 
ciich separate island in particular. 

The geographical distribution of the land and fresh -water 
Mollusca must be considered quite apart from that of the marine 
Mollusca. The sea offers no such serious barriers to the spread 
of the latter as the land does to the spread of the former. If we 
were to journey to the Azores, and turn our attention to the 
land-snails, we should find them almost wholly peculiar, while 
amongst the sea-shells we should , recognise many as occurring 
also on our southern coasts, and few that were different from 
those of the Mediterranean. The marine Mollusca of the Sand* 
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wich Islands, in spite of the enormous intervening distance, are 
not very different from those of Natal, but the land Molluscia of 
the two countries are as widely different as is possible to imagine. 

Land Mollusca are, as has been remarked, fettered to the soil. 
Quadrupeds, birds^ fishes, and reptiles are provided with organs of 
motion which enable them to overpass barriers of various kinds. 
Even plants, although themselves incapable of motion, may be 
conveyed in every direction by means of seeds, which are either 
wafted by the wind or adhere to the skin of animals. But tlie 
Mollusca have no such regular means of transport, and are, in a 
large number of instances, limited to districts of a certain 
character of soil, or producing certain kinds of vegetation. 

The localisation, both of genera and species, occurs all over 
the world. The genus Achatiwlla, whicli is peculiar to the 
Sandwich Islands, is found there in a profusion of species. It 
lives in the mountain valleys which radiate from the central 
ridge of eacli island, and each valley is charac.teriscd by its own 
peculiar set of species. The great carnivorous Glandlna is 
restricted to Central America and the adjacent parts of the two 
continents, with one or two species in Southern Europe. Bulimvs 
proper is restricted to South America ; Achatina to Africa soutli 
of the Sahara; Tornatellina to the Pacific Islands; Cochlostyla 
to the Philippines ; Gylindrella and Buliinulus are peculiar to the 
New World ; BuliminuSy Naninay Scarahtu% and Cassidula to the 
Old. 

Extreme cases of this restriction of habitat sometimes occur. 
Thus LiniTmea involuta is found only in a single small mountain 
tarn in Ireland ; Clausilia sccdaris along a narrow strip of lime- 
stone in Malta ; Strophia nana is confined to a few square rods 
on an island that is itself a mere dot in the Caribbean Sea ; the 
genus Camptonyx occurs only in the neighbourhood of Mt. Girnar, 
in Gujerat ; and Lantzia in moss on the top of a mountain in 
Bourbon. 

Attempts to colonise snails in strange localities have usually 
resulted in fiiilure, especially when the attempt has involved 
serious changes of environment. The common Cochlicella aouta 
of our coasts resists all endeavours to establish it beyond a certain 
distance from the sea. Snails brought from the Eiviera and 
placed under almost similar conditions of climate on our own 
southern coasts have livea for a while, but have very rarely taken 
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permanent root. Mr. H. W. Kew^ has collected a good many 
of tliese attempts to acclimatise species, the general success of 
which seems to depend almost entirely on a restoration of the 
old conditions of life. 

At the same time there are certain species which exhibit a 
curiously opposite tendency, and which seem capable of flourish- 
ing in almost any part of the world, and under the most varied 
surroundings. Our own common garden snail {Helix aspersa) is 
a striking instance of this adaptability to new conditions. It 
has been established, by art or by accident, in Nova Scotia, Maine, 
South Carolina, New Orleans, California, Mexico city, Cuba, Hayti, 
Cayenne, Brazil, Valparaiso, Cape Town, the Azores, St. Helena, 
Mauritius, Loyalty Islands, and Australia. The great Acliatina 
f ulica of East Africa has been established first in Mauritius, and 
from thence has been carried to the Seychelles and Calcutta. 
Helix laetea, a common Mediterranean species, has been carried 
to Tenerille and Monte Video ; Helix similaris, whose fatherland 
is liastern Asia, has been transported to Mauritius, Bourbon, West 
Africa, West Indies, Brazil, and Australia; Ennea Jica/or (Eastern 
Asia) to India, Bourbon, Mauritius, West Indies; Stenogyra 
decollata (Mediterranean basin) to South Carolina ; S. Goodatlii 
(West Indies) to British pineries; Helix hortensis to New Jersey. 
Seven common English species {Limax gagates, Hyalinia cdlaria, 
H. alliaria, Helix aspersa, H pulchella, Pupa umbilicatd) have 
bec'ome naturalised in St. Helena,^ and as many as nineteen in 
Australia.® 

Cases of artificial transi)ort of tliis kind are readily detected ; 
they follow the lines of trade. The snails tlieinselves' or their 
ova have been accidentally enclosed with plants or niduldj or have 
adhered to packing-cases, or to hay and grass used in packing. 
Thus they constitute no disturbance to the general rule of the 
persistent localisation of species and genera, and there is little 
fear that the evidence which the geographical distribution of tlie 
Mollusca brings to bear upon the general problems of distribution 
will be confused by any intennixture of fauna naturally distinct. 

Land Mollusca: Barriers to Dispersal. — The chief natural 
barriers to dispersal are extremes of temperature, the sea, 
mountain ranges, and deserts. Rivers, however large, seem of 

1 The Dispersal of Skelh, pp. 182-196. * E. A. Smith, P.Z.S. 1892, p. 269. 

• * C. T. Mnssott, Proc. Linn, Soe. N. S. Wales (2), v. p. 883. 
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little effect in checking dispersal. There is no appreciable 
difference between the land Mollusca north and south of the 
Ganges, or north and south of the Amazon. Living snails, or 
their ova, are no doubt transported from one bank to another on 
floating debris of various kinds. The barrier offered by the sea 
is obvious, and at first sight appears insurmountable ; but the 
facts with regard to oceanic groups of islands like the Azores 
and Canaries (see p. 297) show that even a stretch of salt water 
many himdred miles in breadth may be ineffectual in preventing 
the dispersal of Mollusca. 

Mountain ranges, provided they are too high , to be scaled, 
and too long to be turned in flank, offer a far more effective 
barrier than the sea. Every thousand feet upward means a fall 
of so many degrees in the mean temperature, and a change, 
more or less marked, in the character of the vegetation. There 
is generally, too, a considerable difference in the nature of the 
climate on the two sides of a great mountain range, one side 
being often arid and cold, the other rainy and warm. The 
combined effect of these influences is, as a rule, decisive 
against the dispersal of Mollusca. Thus the Helices of Cali- 
fornia are almost entirely peculiar ; one or two intruders from 
states farther east liave succeeded in threading their w^ay 
through the deep valleys into the Pacific provinces, but not a 
single genuine Californian species has been able to scale the 
heights of the Cascade Mountains. The land Mollusca of India 
are numbered by hundreds ; not one penetrates north of the 
Himalayas. According to Mr. .Nevill,^ the change from the 
Indo-Malayan to the so-called European molluscan fauna at the 
northern watershed of the Kashmir .valley is most abrupt and 
distinct j in two days* march northward, every species is dif- 
ferent. Ranges of inferior altitude, such as the Pyrenees, the 
Carpathians, or the Alleghanies, may be turned in flank as well 
as scaled, and we find no such marked contrast between the 
Mollusca on their opposite sides. 

The most effective barriw of all, however, is a desert. Its 
scorching heat, combined with the absence of water and of 
vegetable life, check dispersal as nothing else can. The distri- 
bution of the Mollusca of the Palaearctic Region is an excellent 
instance of this. Their southern limit is the great desert which 
^ SmvJb» Itemlts Sec, Yarkand Esepcd. “Mollusca,” pp. 1-16. 
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stretches, with scarcely a break,*froin the west coast of Africa 
to the extreme east coast of Asia. The Mediterranean offers no 
effectual barrier; shells of southern Europe are found in pro- 
fusion in Morocco, Tunis, and Egypt, while all through Siberia 
to the extreme of Kamschatka the same types,* and even the 
same species, of Mollusca occur. 

A detailed examination of the means, other than voluntary, 
by which Mollusca are transported from one place to another 
hardly comes within the scope of this work. Ocean currents, 
rivers, floods, cyclonic storms of wind, birds, and even beetles and 
frogs, play a part, more or less considerable, in carrying living 
Mollusca or their ova, either separately or in connexion with float- 
ing ddbris of every kind, to a distance from their native home. 
Accidental locomotion, of one or other of these kinds, combined 
with the well-known tenacity of life in many species (p. 37), 
may have contributed to enlarge the area of distribution in many 
cases, especially in the tropics, where the forces of nature are 
more vigorous tlian in our latitudes. The ease with which 
.species are accidentally spread by man increases the probability 
of such cases occurring without the intervention of human 
agency, and numbers of instances may’ be collected of their 
actual occurrence.^ 

A point, however, which more concerns us here is to remark 
on the exceedingly wide distribution of the prevailing forms of 
fresh-water Mollusca. It might have been expected that the 
area of distribution in the fresh-water forms would be greatly 
restricted, since they cannot migrate across the land from one 
piece of water to another, and since the barriers between pond 
and pond, lake and lake, and one river system and' another are, 
as far as they are concerned, all but insuperable. We might 
have expected, therefore, as Darwin and Wallace have remarked, 
to find a great multiplicity of species confined to very restricted 
areas, since the possibility of communication with the parent 
stock appears, in any given case, to be so exceedingly remote. 

As is well known, the exact reverse occurs. The range, not 
merely of genera, but even of individual species, is astonishingly 
wide. This is especially the case with regard to the Pulmonata 
and Pelecypoda. The genera Limrtasa, Plamrhis, Physa, Aricylus, 
Unio, and Cyclas are world -wide. Out of about ten ^genera of 
^ Mr. H. W. Kew, The Di^ersal of ShellSt has brought together a very large series. 
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fresh-water Mollusca in New Ze^iland, one of the most isolated 
districts known, only one is peculiar. Tn South Africa and the 
Antilles no genus is peculiar. In the latter case, this fact is 
remarkable, when we consider that the same sub-region has at 
least ten peculiar genera of operculate land Mollusca alone. 

To give a few instances of the distribution of particular 
species : — 

Limnaea statpuilis Ij. ocxuirs in the whole of Europe, and 
northern Asia to Amoorland, Turkestan, Afghanistan, North 
IV.rsia, and Kashmir ; Greenland, North America from the 
Atlantic to the Pacilic, and from North Canada and British 
Columbia as far south as Texas. The distribution of X. peregra 
Mull., X. tranmtula ^liill., and X. 'pah^stris Midi, is almost 
equally wide. 

Phmorhis alhns o(!curs in the whole of Europe, and northern 
Asia to Amoorland, Kamschatka, and eJapan ; Turkestan, the 
Altai-Baikal district, Alaska and Crcenland, North Canada, and 
tlie whole of eastern North America. 

The distribution of Anodonta anatina L., Cyelas cornea L., 
and Piddium imHilluiii Gmel. is almost equally wide. 

It is evident that tlu^ accidental means of transport mentioned 
above are insulficient to account for the ftwds as we find them ; 
we are therefore compelled to seek for further exjdanation. 
Anything in the nature of a current furnishes a ready means 
of transport for Mollusca which have obtained a footing in the 
upper waters of a river, and there is no difficuilty in imagining 
the gradual spread of sjjecies, through the agency of floods or 
otherwise, over a wliole river system, when once established at 
any point upon it. The feeble clinging power of newly-liatclied 
Limnaea has often been noticed as contrilniting to the chances 
of their range of distribution becoming extended. Fresh-vrater 
Mollusca, too, or their ova, are exceedingly likely, from their 
extreme abundance, to be transported by water-birds, which fly 
without alighting from one piece of water to another. Again, 
the isolation of one river system from another is, in many 
instances, by no means well marked or permanent, and a very 
slight alteration of. level will frequently have the effect of 
diverting the supjdies of one watershed into another. When we 
know what enormous oscillations in level have taken place over 
practically the whole surface of the globe, we can recognise the 
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probability that the whole river system of the earth has been 
mixed up and reconstructed again and again, with a very 
thorough blending of adjacent fauna. 

It is possible that the very uniform conditions under which 
fresh-water Mollusca live inay have*, something to do with the 
uniformity of their distribution and the comparative sameness 
in their development. There can scarcely be any question that 
the environments of fresh -water species are in themselves less 
varied and less liable to fluctuation than those of speedes whose 
home is the land. AVater is very like \vater, all the world over ; 
it may be running or motionless, warm or (iold, clear or muddy, 
but the general tendency is for it to be fnje from extremes of 
any kind. Even if the surface water of a lake or river freezes, 
or becomes unusually hot, there is generally plenty of water at a 
lower stratum whicdi maintains a less exti*enie temperature, and 
to which c'reatunis can retire on tlie first symptoms of a chang(\ 
Erom this two results will fidlow. Not only will the inhabitants 
of a, piece of wat(T not be inclined to vary much from the type, 
usince their whole surroundings, ft)od, etc., continue very much 
the same, but, if transported by any accident or cataclysm else- 
where, they will be exceedingly likely to arrive at a ]Aaoo which 
(dosely resembles their former home in all essentials. Thus the 
tendeiKiy for new types to be formed would be constantly 
checked, or ratlier would very seldom arise. 

Mr. Belt, while recognising the importance of changes of 
level as affecting the distribution of fresh-water species, appears 
to regard the operations of such changes from a rather different 
point of view to that described above. “ I think it luobable,” 
he writes,^ “ that the variation of fresh-water species of’ animals 
and plants has been constantly checked by the want of continuity 
of lakes and rivers in time and space. In the great oscillation 
of the surface of the earth, of which geologists And so many 
proofs, every fresh-wate.r area has again and again been destroyed. 

. . . Thus species of restricted range were always exjiosed to 
destruction, because their habitat was temporary and their re- 
treat impossible, and only families of wide distribution could be 
preserved.” 

The terrestrial surface of the globe has been divided, as indi- 
• ^ The Naturalist in Nicaragua, p. 334 f. 
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eating the facts of geographical distribution, into six regions — 
tlie Palaearctic, Oriental, Australasian, Ethiopian, Nearctic, and 
Neotropical. To these is sometimes added a seventh, the Neant- 
arctic, consisting of Chili and Patagonia (and certain islands of 
the south Atlantic) ; but since the Mollusca of Chili unmistak- 
ably form a part of the Neotropical fauna, it seems hardly worth 
while to recognise a separate region for those of the extreme 
south of South America, which have no peculiar characteristics. 

In certain points the exact limits of these regions, as in- 
dicated by the Mollusca, will probably not correspond to those 
which are marked out by other zoological classes. Wallace’s line, 
for instance, does not exist, as far as the Mollusca are concerned. 

These regions may be further su1)divided into sub-regions, 
thus : — 


Regions Sub-regions 

j Septentrional 
Palaearctic Mediterranean 

( Central Asiatic 

Oriental i Indo-Malay 

^ I Chinese 

j PiiiKujn 

Australasian < Australian 
( Polynesian 


Regions Sub-regions 


Ethiopian 

Nearctic 


Neotropical 


[ Central African 
J South African 
I INTalagasy 
j American 
I Californian 
' Antillean 
Central American 
• Colombian 
Brazilian 
Chilian 


A, The Palaearctic Region 

The southern boundary of this region is the nortliern limit of 
the African Sahara, the Mediterranean forming no break what- 
ever in its continuity. In Asia this boundary is less well 
marked, but roughly corresponds to the southernmost of the vast 
ranges of mountains which border the great tablelands of central 
Asia. Across Africa the line of desert is well defined ; but in 
the north-east, as the desert approaches more nearly to the sea, 
the African extent of the region is correspondingly narrowed 
until it becomes little more than a strip of coast land, scarcely 
widening even in Lower Egypt. On the Morocco coast, 
Palaearctic land forms penetrate as far south as Cape Xun.^ 
At its eastern extremity the lino becomes less well defined, but 
^ Morclot, Journal de Conch, 1875, p. 194. 
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probably proceeds along the snowy mountains west of Setckouan, 
the Fe-ling and Tau-sia-shan ranges, so as to include all the 
high ground of Thibet and of the upper waters of the Hoang-ho, 
and ultimately reaches its eastern lindt at some point on the 
shores of the Sea of Japan. 

The region thus includes all Europe, Africa north of the 
Sahara, with the Atlantic islands (the Azores, Canaries, etc.), North 
Arabia, Asiatic Turkey, the greater part of Persia, Afghanistan, 
Thibet, all Asiatic Eussia, and a very large portion of the Chinese 
empire. 

The principal characteristics of the region as a whole are : — 

(1) The rich development of Helix, Arion, Limax, Buliminus, 
and Clausilia. 

(2) The comparative absence of land operculatcs (see map, 
frontispiece'). 

(3) The uniform character of the fresh-water fauna. 

It is in the southern portion of the region that Helix (in the 
sub-genera Mactdaria, Iberus, Pomatia, and XeropMla) and Buli- 
minus (Zehrina, Chondrula, Ena) attain their maximum. In 
the north, Fruticicola is the characteristic group; in the 
mountainous districts of the south - east, Campylaea, with 
Clausilia. The Arionidae have their headquarters in the 
damp and warm regions of western Europe, but are rare in the 
south. They only approach the Mediterranean coast in Algeria, 
near Gibraltar, and in the i-egion between the base of the 
Pyrenees and the Maritime Alps, and are very poor in species 
throughout Italy and Sardinia. They are absent from almost the 
whole of northern Africa, the Mediterranean islands (except 
Sardinia), the whole Balkan district, the Crimea, Caucasus, and 
western Asia.' 

The uniformity of the fresh-water fauna is disturbed only in 
the extreme south. , A few species of Melanopsis with Neritina, 
occur in southern Spain and Austria, Galicia, and southern 
Eussia, while a Melania or two (absent from Spain) penetrate the 
south-eastern parts of Europe as far as Germany. Cyrena begins 
to replace Cyclas in southern Eussia and the Caucasus. 

The Falaearctic region falls into three sub-regions : — 

(1) The Northern or Septentrional Sub-region, i.e. the dis- 

^ Pollonera, Boll, Mus, Zool, Torino^ v. 1890, No. 87. 
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trict north of the line formed by the Pyrenees/ Alps, Carpathians, 
and which, passing to the northward of the Aralo-Caspian district, 
follows the great central mountain range of Asia until it reaches 
the Sea of Japan, perhaps somewhere in the neighbourhood of 
Vladivostok. 

(2) The Mediterranean Sub-region, ix. the countries border- 
ing on the Mediterranean, the Black and Caspian Seas, with the 
Atlantic Islands. 

(3) The Oentral Asiatic Sub-region, Le, Turkestan, Afghani- 
stan, Thibet, and probably the districts of Mongolia and 
ilaiichuria.^ 

(1) The Septentrional Sub-region has been divided by some 
writers into two provinces, the European and the Siberian. 
There seems, on the whole, but little occasion to separate off 
northern Asia, tlie characteristici of which is, as will be seen 
below, rather the gradual disappearance, as we proceed eastward, 
of European species and genera, than the development of any 
new and peculiar groups. The remarkable launa of Lake Baikal 
stands apart, not only from European, but also from the Siberian 
types occurring in its immediate neighbourhood. 

On the wliole, tlie Septentrional Sub-region is poor in species 
except those which inhabit fresh water. I'his fact is probably 
due to the extreme vicissitudes of temperature wliich prevail, and 
it is interesting to notice that the number of land Mollusca 
appears to touch its lowest point in districts wlierc tlie annual 
range of temperature is greatest. On the other liand, in the 
western portions of the region, where the climate is moist and 
temperature more equable, the Mollusca are considerably more 
abundant and varied. 

The line which separates the Septentrional from the Mediter- 
ranean Sub-region must of necessity be very roughly drawn, and 
stragglers from the south will be found .to make their way north- 
ward, and vice versd, under favouring circumstances of tempera- 
ture and geological formation. Jordan has noticed ^ that species 

\ South and south-western France, however, belong to tlie Mediterranean Sub- 
region. 

® The coast-line of north-east China, including Corea and Japan to north Niphon, 
is much more definitely tropical than the adjacent inland districts. The coaat-linc, 
therefore, must bo placed in the Oriental Region, while the inland districts belong 
to the Palaearctic Region. 

® liiol, CeiUralbL ii. p. 208. • 
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which in southern countries are not confined to any particular 
quality of soil are in more northern latitudes found only on 
limestone, which absorbs more heat than other formations. Con- 
versely, the higher elevations of the Alps, Pyrenees, and even 
Carpathians are like islands in a sea, and support a thoroughly 
northern fauna, quite strange to that of the plains below. Thus 
Helix harpa Say, a completely boreal shell, which is at home in 
Canada, Sweden, Lapland, and tlie Amoor district, is found on 
the Eiffel Alp, at a height of 6000 feet.^ Vertigo arctica Wall., 
a species abundant in Lapland, North Siberia, Iceland, and Gi-inni- 
land, occurs on tlie high Alps of the Tyrol. 

CircMmpolav Species. — A certain number of species are common 
to the extreme north both of the Palacarctic and Nearctie regions, 
and are, in fact, circumpolar. The number of these species, liow- 
ever, is so small, not exceeding about 40 species (=16 genera),' 
that it seems hardly worth while creating a special sub- 
region for their reception, particularly as no genus is peculiar. 
At the same time the hict is instructive as illustrating the close 
connexion of the northern districts of the two regions, a connexion 
which was no doubt more intimate in recent geological times than 
it is now. 

The circumpolar genera are as follows. The list decisively 
sets forth the superior hardiness of the fresh-water as (jompared 
with the land genera : — 

Valvata . 1 sp. Helix . . 4 Succiiiea 1 S2>. Pliysa . . 1 .sp. 

Jjithynia . L „ Patula. . '2 „ Jiiiniiaca 7 „ Anoilunta . 1 „ 

Vitriiia . 1 „ Pupa . . 3 „ Plaiiorbis 5 „ Uiiio . r 1 „ 

Hyalinia . 4 „ Cionella . 1 „ Ajilecta I ., Pisiiliuin . 1 „ 

Great Britain. — There are in all about 130 species-r— <S3 land, 
46 fresh-water ; Limnaea invohita (mountain tarn near Killarney) 
api^ears to be the only peculiar species. There are 11 Hyalinia, 
5 Arion, and 25 Helix, the latter belonging principally to the 
sub-genera Xerophila, Taehea, Trichia, and Fruticicola. Three 
Testaxella are probably not indigenous, but are ikjw so well estab- 
lished as to reckon in tlie total. Of the four Clausilia two reach 
Ireland and one Scotland; two do not occur north of the Forth. 
There are only two land operculates, one of which {Cyclostoma 
eleganB) occurs in Ireland but not in Scotland, while the other 
{Acioula lineata) reaches the southern counties of Scotland. 

. ^ Craven, Journ. dc Cmichyl. (3) xxviii. j). 101. 
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Several species, e.g. Helix pomatia, H dbvolutay H, revelatiiy IL 
cartudana, H, pisanay Buliminus montanuSy are restricted to the 
more southern or western counties ; Geomalacus maxulosus is con- 
fined to a district in south-western Ireland. 

The Pleistocene beds of East Anglia contain a number of 
species now extinct in these islands, whose occurrence appears to 
indicate a warmer climate than the present. Such are Helix 
Tuderata, H fruticurriy H incarnatay Claudlia pnmilay Unio 
littoraliSy Hydrobia marginatay and Corhicula Jluminalis, 

Scandinavian Peninsula, — From Norway 121 species in all 
are recorded, and 148 from Sweden. The milder climate of 
Norway allows many species to reach a considerably higher lati- 
tude than in Sweden, thus in Sweden Limax maximus only 
reaches 62°, but in Norway 66° 50'. Similarly Arion hor tends 
and Bidea perversa only reach 63° and 61° respectively in 
Sweden, but in Norway are found as far north as 69° and 67® 
50'. Clausilia is represented by 9 species in southern Norway; 
one of these is found north of the Arctic circle. There are 
4 Pupa, 9 Vertigo y and 11 Hyalinia, but Helix dwindles to 14, 
9 of which occur north of the Arctic circle. No land operculates 
are found; Cyclostoma elegans, however, occurs in Jutland and 
Zealand, which practically form a part of this district. 

Iceland, — ^Eleven species, all Scandinavian, occur. These are 
Arion 2 y Limax ly Helix 2 (arhustorum L, and hortensis Mull., the 
latter being found only on the warmer southern coast), Limnaea 
1, Planorlis 1, Pisidium 4. 

France, — The northern, central, and eastern districts belong 
to this sub-region, while the southern and western, in which an 
entirely new element occurs and many northern forms disappear, 
belong to the Mediterranean, Thus, for instance. Helix pomatia 
L., H, himrnata Miill., H, fruticum MiilL, H, cantiawi Mont., H, 
strigella Drap., H, rvfescens Penn., H, pleheia Drap., are not 
found in southern France. No detailed enumeration of species 
is at present possible, the efforts of a large number of the leading 
French authorities being directed to indiscriminate species-making 
rather than to the careful comparison of allied forms. Per- 
haps the principal difference between the Mollusca of northern 
France and those of our own islands is the occurrence of two 
species of Pomatias. In the more elevated districts of eastern 
France (the Vosges, Jura, western Alps), a certain number of 
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species occur which are confined to the higli grounds of south 
central Europe. Among these are J/elix holoserica Stud., H, 
personctta Lam., H. hidens Chem., H, depilata Drap., H, cohresiana 
Alt., If. alpina Eaure. 

The Pleistocene deposits of the valley of the Somme tell the 
same tale as those of eastern England, containing as they do 
species and even genera whose northern range is now much moire 
limited. The Eocene fossils from the Paris beds show most re- 
markable relationships to genera now existing in the West Indies 
and central America. Others again indicate affinities with India. 
Thus we find Cei^es, Megcdomastoma, and Tudora by the side of 
Leptoyoma^ Faunus and Pcdudomus. 

Germany. — The Mollusca of the plains of northern Germany 
are few and not striking, and exhibit little difference from those 
of our own islands. In the mountainous districts of the south 


and south-east, a number of new 
forms occur, amongst which are 3 
species of Daudebardia, a remarkable 
carnivorous form, with the general 
appearance of a Vitrina ; 24 of Clan- 
silia, many Pupa, several Buliminns, 
3 of the Campylaea group of Helix^ 
stragglers from the Italo-Dalmatian 
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Fia. 193. — A, Daudebardia hrevipea 
F4r. : ah^ shell ; p.o, pulmonary 
orifice. (After Pfeiffer. ) B, shell 
of D. nifa Pfr., S. Germany. 


fauna, and 1 of Zonites proper. Our familiar Helix aspersa is 


entirely absent from Germany. Tliere are only 4 land oper- 


culates — Pomatias 2, Acicula 1, Cyclostoma 1, all of which occur 


exclusively in the south. Bithynella and Vitrella, two minute 


forms of fresh-water operculates akin to Hydrohia, occur through- 
out the district. 


Northern Russia and Siberia. — This vast tract extends from 


eastern Germany to the Amoor district. It is exceedingly x>oor 
in Mollusca, and is chiefly characterised by the gradual disaj)- 
pearance, as we proceed eastward, of European species. There 
are a few characteristic Siberian Mollusca, closely allied to 
European forms, and in the extreme east a new element is 
introduced in the apiiearance of types which indicate Chinese 
affinities. The whole district may be regarded as bounded to the 
south by a line drawn from Ijemberg to Moscow, and thence to 
Perm; passing south of the Ural mountains, it includes the 
whole basins of the rivers Obi, Yenesei, and Lena, coinciding with 
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the vast mountain raiigies wliich terminate to the north the table- 
land of central Asia, at the eastern extremity of which it dips 
sharply southwards, so as to include the Amoor basin and Corea. 

All the larger Helices are wanting, and no land operculates 
occur. Helix arhustorum L., H. Ttemoralis MiilL, H lapicida L., 
H, aculeata MiilL, and Hyalinia nitidvla l)rap., do not appear to 
occur east of the Baltic ; Arion fuscus MiilL, Helix strigella Drap., 
Buliminus obscurus Mtill., Clausilia laminata Mont., C, J)identata 
Bttg., C. plicatula Drap., Viviparus fasciatm MiilL, and Ncritina 
Jluviatilis L, do not pass the Urals. 

In the Obi district (West Siberia) a furtlier batch of European 
species find their easterly limit. Among these are Helix hispida 
L., Bithynia tentaxulata L., Vivipara vivipara L., Pisidium amni- 
cuvi Mull., and ITnio tumidus Ketz. A few distinctly Siberian 
species now appear, e.g. Ancylus sihiriett^ Gerst., Vnlvata sihirica 
Midd., and Vitrina rugtdosa Koch. 

The following are among the European si)ecics whicli reach 
eastern Siberia : Hyalinia nitida MiilL, Succirtea ohlonga Drap., 
Planorbis vortex L., spirorhis L., marginatus Drap., rotundatus 
Poir.,/ontonw5 Light., Valvata piscinalis Bithynia ventri- 

com Leach, and Anodonta variahilis Drap. Here first occur such 
characteristic species as Phym sihirica West., P. aenigma West., 
Helix pauper Gld., H Stuxbergi West., H Nordcnskibldi West., 
Planorbis borealis Lov., Valvata aliena West., Cyclas nitida Cless., 
and C. levinodis West. In the Amoor district a decided 
Chinese element makes its appearance in a few hardy forms 
which Have penetrated northward, e.g. Philomycus bilineatus 
Bens., and a* few each of the Fruticicola (Chinese) and Acusta 
groups of Helix. Out of 53 species, however, enumerated from 
this district, as many as 33, belonging to 18 genera, occur also 
in Great Britain. 

Lake Baikal. — The Mollusca of Lake Baikal exhibit distinct 
characteristics of their own, which seem to indicate the long- 
continued existence of the lake in its present condition. 
Several entirely peculiar genera occur, which are specialised 
forms of Hydrobia, e.g. Baikalia, Liobaikalia, Gersffeldtia, Dybow- 
skia, and Mamkia ; Benedictia alone extends to the basin of the 
Amoor. Choanomphalus, another peculiar and ultra-dextral (p. 
250) genus belonging to the Limnaeidae, appears to be related to 
the West American Carinifex. 
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(2) The Mediterranean Sub-region is divided into four 
provinces : («) The Mediterranean province proper ; (6) the 
Identic ; (c) the Caucasian ; and (d) the Atlantidean province. 

(a) The Mediterranean province proper is best considered 
by further subdividing it, with Fischer and others, into separate 
districts, each of whicli has certain peculiar characteristics. 

(i) The Hispano-Algerian district includes the greater part 
of the Iberian peninsula, the Balearic Islands, and northern 
Africa from Morocco to Tunis. The extreme western parts of 
these districts, including West Morocco, Portugal, Asturias, and 
south-west France, under the inttuence of the moist climate 
caused by the Atlantic, show some j)eculiar features whicli, in the 
view of some, are sufficient to justify their separation from the 
rest of the Hispano- Algerian portion. Among these is a marked 
development of the slugs, Tectacella, Arion, and Geomalacus, the 
latter of which occurs even in south-western Ireland. 

Spain, — The principal features are the development of the 
Macularia^ Iherus^ and Oonostoma groups of Helix, and tlie occur- 

Fio. 194. — A, Parnia- 
cdla VeUendensii 
W. and B. x J. 
(After Moquin- 
Tandon.) A', shell 
of the same, natu- 
ral size. 


rence of the remarkable slug Parmaxella, which is found in, many 
other parts, of the sub-region, and extends eastward 48 far as 
Afghanistan. CUvkmlia has but few species, mostly in tlie north. 
There are four species of land operculates, one of Which is 
referred to a genus {Tvdora) now living only in the West 
Indies, but which occurs in the Eocene fossils of the Paris 
basin. . In the south there are several species of Melanopds and 
Neritina, 

The States of Northern Africa have a thoroughly Mediterranean 
fauna, whose facies on the whole shows rather more affinity to 
Spain than to Sicily. The Helices of Morocco and Algeria 
belong to the same groups as those of southern Spain. Many 
are of a dead white colour, the better to resist the scorching 
efiFecfr of the sun. Ferussacia is abundant, Geomcdacus and Par- 
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mmella are represented by a single species each, and there is one 
Clausiiia. According to Kobelt,^ the original land connexion 
between sonthern Spain and Morocco luiist have been much 
more extensive than is usually assumed, and probably reached at 
least to the meridian of Oran and Cartagena. The Mollusca of 
Oran and Cartagena are, according to him, mucli more closely 
related than those of Oran and Tangier, or those of Cartagena 
and Gibraltar, but at Cartagena some species, which are charac- 
teristic of the Mediterranean coasts from Syria westward, dis- 
appear, are absent from the rest of Spain and from Morocco^ 
but reajjpear on the south-western coasts of France. These 
species may possibly have pushed along that arm of the sea 
which, when the Straits of Gibraltar were closed as far as the 
latitude of Oran and Cartagena, united in comparatively recent 
times the Bay of Biscay with the Gulf of Lions. 

The following genera, which do not occur in Spain, liave 
probably spread into northern Africa as far as Algeria, ^)i(t 
Sicily and Tunis, namely, GUiTuliiut (1 sp.), Daudebardia (I 
sp.), Pomatias (2 sp.). Tunis shows strong traces of Sicilian 
influence, and Kobelt found a colony of snails, of Sicilian atflni- 
ties, as far west as Tetuan. 

The Sahara . — The Algerian Sahara contains, in many places, 
a sub-fossil Molluscan fauna which appears to show that the 
district has, iji quite recent times, undergone a gradual desicca- 
tion. The species are mainly fresh-water, including Melania, 
Melanopsis, and Corhicula, with here and there valves of Cardmm 
edule, and indicate, on the whole, an aflinity with recent Egyptian, 



rather than North African species. 
It’ is probable that a vast series 
of Mangs, or brfickish-water lakes, 
once stretched along this region, 
and were idtimately connected 
with the sea somewhere between 


A ® Tunis and Egypt. 

(U) Southern Frnnce.-TU 
Fer. ; B, Leucochroa candidissinia southern portion of France 

bordering on the Mediterranean 


contains many species, especially of Helix, which do not occur in 
the centre and north. Amongst these are — 


1 Jahrh. Deutsch. Maldk. Gescll. viii. p. 278. 
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Lciicochroa candidissima Drap. 
Hyalinia olivetorum Gmel. 
Zonites algirus L. 

Helix raiigiana Dcsli. 

,, serpentina F6r. 

,, niciensis Fer. 

„ splendida Drap. 

,, veriniculata Miill. 

. , nielanostoma Drap. 
aperta Burn. 


Helix ciliata Yen. 

„ explanata Mitll. 

„ apicina Lam. 

„ cespituin Diap. 

„ Terverii Mich. 

„ pyramidata Drap. 

„ trochoides Poir. 
Ferussacia folliciilns Gron. 
ilninina decollata L. 

Pupa niegacheilos C. and J. 


Several species of fresh-water Hydrohia {Bitliynella) occur. 
The district, on the wliole, unites certain 
(iharacteristics derived from northern Italy 
with those of eastern Spain. 

(iii) Tlie Halo - D(dmatian district in- 
cludes Italy and the neighbouring islands 
(Corsica, Sardinia, Sicily, Malta), and the 
regions at the head and north-eastern shores 
of the Adriatic (Carinthia, Carniola, Croatia, 
and Dalmatia), the line whicli separates these yiq, 
latter districts from the fauiui of southern L-. s. 

Austria, Bosnia, and Servia being very difti- phragm. 
cult to define. 

Italy, with the neighbouring islands, lias a rich molluscan 
fauna. In the sub- Alpine districts of northern Italy the promi- 
nent Helix groups are Gamyylaca, Poinatia, and AncliisUnna, 
which in the south are generally replaced by Iherus, which here 
attains its maximum development. Dirge Hyalinia are alnind- 
ant in the nortli, and Fomatias and Clansilia are frequent all 




Fia. 197 . — Helix (Cavipylaea) zunata Fig. 198. Helix (Therm) 

Stud., Piedmont. Miill., Florence. 


along the Apennines. Sicily has about 250 species, half of 
which are peculiar. Helices of the Iberus type abound, l)ut 
Campylaea is reduced to two species. Many peculiar forms of 
Glamilia occur, especially a latticed type of great beauty. Ferns- 
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DALMATIA, EGYPT, AND SYRIA 


meia and Pupa are well represented, and there are one each of 
Glandina and Daudehardia-, 

Dalmatia and the adjacent districts are chiefly remarkable 
for the rich development of Clausilia, which here attains its 
inaximuiu (nearly 100 species). The Campylaea section of 

t A Helix is represented by its handsomest forms, 

^ many of which are studded with short 

hairs. Here too is the headquarters of 
E-S Zonites proper, which stretches westward 
r||| aS fe.r as Provence, and eastward to Asia 
Minor ; and also of the single European 
Glandina^ which has a similar eastward 

Fio. im.-a! ClauBam westwaul tlirougli Italy 

crassicosta Beu., and Sicily to Algeria, not occurring in 
SrLa France. The land operculatcs are 

matia ; B', clausiiiuin chiefly represented by Pomatias, and among 
ot saint:. fresh-water operculates are a Mdania 

and a LithoglyphuSy the latter having probably spread from the 
basin of the Danube. 


(iv) The Egypto-Byrian district extends along the south- 
eastern shores of the. Mediterranean from Tripoli to North Syria, 
and eastward to the Euphrates valley. Lower Egypt alone 
belongs to this portion, the fauna of Upper Egypt being of an 
entirely tropical character, and belonging to the Ethiopian 
Eegion. 

Lower Egypt — The Mollusca of I^ower Egypt stand in the 
unique position of belonging, half to the Palaearctic, and half to 
the Ethiopian Eegion. The land Mollusca are of a distinctly 
Mediterranean type, while the fresh-water, directly connected as 
they are by the great highway of the Nile with regions mucli 
farther south, contain a large admixture of thoroughly tropical 
genera {Ampullaruty Lanistes, Melania, Cleopatra, Corhicula, 
Cyrena, Iridina, Spatha, Mutela), The Helices, which are not 
numerous, are rather a mixture of circum-Mediterranean species 
than of a specitilly distinctive character. H, desertorum, how- 
fever, belonging to tlie group EremopMla, is characteristic. There 
is a single Parmacella, but the physical features of the country 
are unfavourable to the occurrence of such genera as Claudlia, 
•Pupa, Pyalinia, and the land operculates. 

The Mollusca, especially in the more mountainous 
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regions of the north, are much more varied and numerous than 
those of Egypt. Glausilia is again fairly plentiful, and the 


Helicidae are represented by some striking 
forms of the sections Levantina^ Pomatia, 
and Nummulina, Lemochroa has several 
curious types with a constricted aperture, 
and tlie Agnatha are represented by Libania^ 
a peculiar form of DaudehardifL A j roini- 
ne.nt feature is the occurrence of a number 
of large white Buliminus of the Petrdeiis 
section (Fig. 200). Ltind operculates appear 
to be absent, but Melanopsis and Ncritina 
are abiuidant. Tlie Dead Sea contains no 
]Mollus(‘a, l)ut Lake Tiberias has a rich 
fauna, including the abov(i-mentioned genera, 



Fkj. 200. — A, Buliminus 
{Petraeus) labrosvs 
Oliv., Beyrout ; B, 
Buliminns (Chond- 
rula) septemdeu tains 
Rotli., Palestine. 


with a Corhicula and several Unio. 


Upxter Mempotamia appears to possess a niixturo of Syrian 
and (Aiucfisian forms, including a Parrnacella. Lower Mesopo- 
tamia has an exceedingly poor land fauna, but is comparatively 
rich in fresh-water sjiecies, the growing eastern character of 
which is shown by the occurrence of several Corhicvla and 
Piseudodon, and of a Neritina of a distinctly Indian type. 

(/>) The Pontio province extends from Western Austria to 
tlie Sea of Azof, and includes Austria, Hungary, Roumania, the 
Ralkan peninsula (so fiir as it d<ies not form part of the Mediter- 
ranean sub-region), the islands of the Greek Archipelago, southern 
Russia and the Crimea, and Asia Minor. It thus practically 
corresponds to the whole Danul)e basin, together with, the lands 
bordering on the Black Sea, except at the extreme 'east,* which 
belongs to the Caucasian suli-region. Fischer separates off Greece^ 
Asia Minor (except the northern coast-line), and the intervening 
islands, with Crete and Cyprus, as constituting a portion (Hel- 
lado-Anatolic) of the Mediterranean sub-region proper. These 
districts, howcA^er, appear to possess scarcely sufficient indi- 
viduality to warrant their separate consideration. 

A prominent characteristic of the Pontic Mollusca is the 
great abundance of Claudlia and Buliminvs, In the islands 
east and west of Greece Clausilia forms a large proportion of the 
fauna, each island, however small, possessing its bwn peculiar 
form The Helices belong principally to the groups Campylaea 
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(which is very abundant in Austro-IIimgary), Pomatia (Greece 
and Asia Minor), and Anehistoma, Macularia is comparatively 
scarce, but is represented in Greece by one very large form 
{Codringtonii Gray). Zonites proper has its metropolis in this 
sub-region, and the Danube basin contains one or two species of 
Melania and LithoglypJius. Bvliminus is abundant throughout 
the sub-region, in the sub-genera Zebrinay NapaeuSy Mastus, and 
Chondrula. Several striking forms of Zehrina {End) are peculiar 
to the Crimea. 

(c) The Camasian Province. — The limits of this province 
can hardly be exactly defined at present. It appears, however, 
to include the whole lino of the Caucasus range, Armenia, and 
North Persia.. 

The land Mollusca are abundant and interesting. Among 
the carnivorous genera are four species of Eaudehardiay a Glandina^ 
and three peculiar forms of naked slug, PseudomilaXy Trigono- 
chlamySy and Selenochlamys. There is a single Parmacellay the 
same species as the Mesopotamian, and a good many forms of 
TAmax. Vitrina and ITyalinia an^ well rei)resented, and the pre- 
dominant groups of Jlelix are Eulotay Cartusianay XeropliiUiy and 
Fruticocampylaxay the last being peculiar. Clausilia and Pupa 
are rich in species, together with Eulimirms of the Chondrula 
type. One Clausilia of tlie Phaedusa section, together with a 
Macrochlamys (Transcaspian only), a Corbiculay and a CyclotuSy 
show marked traces of Asiatic affinity. Tliere is one species catrli 
of Acicula and Cyclostom ay and one of Pomatias. 

The Caspian Sea, like Lakes Baikal and Tanganyika, is dis- 
tinguished by the possession of several remarkable and peculiar 
genera. The sea itself, the waters of which arc brackish, is 80 
feet below the level of the Black Sea, and is no doubt a relict of 
what formed, in earlier times, a very much larger expanse of 
water. Marine deposits containing fauna now characteristic of 
the Caspian, have been found as far north as the Samara bend of 
the Volga. It is probable, therefore, that in Post-pliocene times 
an arm of the Aralo-Caspian Sea penetrated northw.ard up the 
present basin of the Volga to at least 54” N. The Kazan 
depression of the Volga (55” N.) also contains characteristic 
Caspian fossils.^ According to Brusina,^ the Caspian fauna, 

^ NetchayefF, Kazan Soc. Nat. xvii. fasc. 5. 

Fauna der Congerien-Schichtm-y p. 142. 
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ixsja whole, is closely related to the Tertiary fauna of soutlierii 
]j?arope. 

/ Twenty-six species of univalve Mollusca, tlie majority being 
4iiodilied forms of Hydrohia, have been described from the Caspian, 
namely, Micromelania (6), Cas^pia (7), Clessmia (»>), Nema.tAirelhf 
Jjithoyly pirns (1), Planorhis (1), Zagrahica (1), JTydrohia (2), 
Neritina (2). The l)i valves are 'mostly modified forms of Cardium 
{IHdacndj Admna, Monodmna)^ wliicli also occur in estuaries 
along tlie nortli of tlie illack Sea. A form of Cardium cduir 
itself occurs, and nuni])erless varieties of tlie same sjiecies niv 
found in a siuni-fossil condition in the dry or half dry lake-beds, 
wliich are so abundant tlirougliout the Aral district. 

(</) 77ic AUautidean 2rrovime consists of the four grou])S of 
islands, tlui Madeiran group, the Canaries, the Azoi*es, anti tht^ 
(Jape Verdes. 

The Madeiran yrovp contains between 140 and loO s]) 0 (*ies 
of Mollusca which may be regarded as indigenous, tlui grt^at 
majority of which are peculiar. Only 
11 species are common to Madtura and 
to the Azores, and aliout the same 
number, in spite of their much greattu’ 

])roxiniity, to Madeira and the Canaries. 

less than 74 sjiecies, or almost 
exactly one-lialf, belong to Hdix, and 
0 to rat/ukL A considerable number 
of the Helices are not only sjH»ciii(?ally 
but generically peculiar, the genera 
bearing close I’elationship to thostj 
occiurring in the Mediterranean region. 

As a rule they are small in size, but 
often of singular beauty of ornamenta- 
tion. Various forms of Pupa are ex- 
ceedingly abundant (28 sp.), as is also 
Ferussemia (12 sp.). There ai'e also 2 Claiisilia (which genus 
occurs on this grouj) alone), and 8 Vitrina, (a genus which occurs 
on all the groups). The land opercuilates are represented solely 
by 4 Cra^)edopoma^ which is common to all the groups except 
tlie Cape Verdes. 

The Canaries have about 160 species, only aliout a dozen of 
wliitib are not peculiar. As many as 75 of these belong to 



Fk;. ‘201. — Cliaracloristic lan<l 
Mollusca from tlic Madeira 
{^roiip : A, Jlt’Iix {Irus) hu i- 
niom Lowe, M-ddeira ; B. IIcIU 
{llystHceffa) tnnucula Lowe, 
Porto Santo; C, lIelix{/tt€ruM) 
Wttllastimi Lowe, Porto Saido ; 
D, lid lx (Cijronarla) ddphi- 
nuloideii Lowe, ^ladeira. 
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Helix (the sub-genera being very much the same as in the 
Madeiran group), and 1 1 to Patula. There is 1 species of 
ParmmeUa (which occurs in this group alone), and 6 of Vitrina, 
of considerable size. A remarkable slug {Plectrojihoriis) was 
descri])ed from Teneriffe by Fcrussac many years ago, but it has 
never been rediscovered, and is pro])ably mythical, or wrongly 
assigned. Buliminns {Najicmia) has as many as 28 species, all 
but one being peculiar, and Ferussaeia 7. Gyclostoma has two 
indigenous species, which, with one JFydrocena and one CraHjwdo- 
Itomcty make up the operculate land fauna. 

The Azores are comx)aratively i)oor in Mollusca, having only 
52 sj)ecies, nearly two-thirds of which are i)eculiar. Helix has 
15 sjiecies, Patula 4, and Pivpa 8. Feritssama, so abundant in 
Madeira and the Canaries, is entirely absent, its ])laee being 
taken by Napaeus (7 sp.), which is curiously absent from 
Madeira, but richly rex)rescnted in the Canaries. There are 7 
Vitrina, while the land operculates consist of one each of 
Craspedopoma and Hydrocena, A singular slug (Plutonia), witli 
an ancyliform internal shell, is said to o(‘cur. The grouj) was 
long believed to possess no fresh-water Mollusca, but two Hx>ecies 
(one each of Pisidium and Physa) have recently ])een discovered. 

The Cape Verdes, owing to the extreme dryness of their 
climate, are x>oor in land Mollusca. There are 1 1 Helix, nearly 
all of which belong to the grouj) Leptaxis, which is common to 
Madeira and the Canaries. Ferussaeia is absent, Buliminns is 
represented l)y a single sj)ecies, and there are no land operculates. 
Ethiopian influence, however, as might be expected from the 
situation of the group, is seen in the occurrence of an Ennea, a 
Melania, and an Isidora, 

Tt will be noticed how little countenance the molluscan fauna 
of these island groups gives to any theory of an Atlantis, any 
theory which regards the islands as the remains of a western 
continent now sunk beneath the ocean. Had ' Atlantis ’ ever 
existed, we shoidd have expected to find a considerable projjortion 
of the Mollusca common to all the groups, and j)erhaps to Europe 
as well, and there would u,i)xmrently be no reason why a genus 
which occurred in one group should not occur in all. As a fact, 
we find the si)ecies extremely localised throughout, and genera 
occur and fail to occur in a particular group without any 
obvious reason. All the evidence tends to show that the islands 
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are purely oceanic, and have been colonised from tlie western 
coasts of the Mediterranean, ix. from the direction of tlie prevail- 
ing currents and winds. 

(3) Central-Asiatic Sub-region. — The countries included in 
this vast sub- region are Turkestan, Songaria, Afghanistan, including 
the Pamirs, Western Thibet, and probably Mongolia. Kashmir 
belongs to the Indian fauna. At prescuit the whole district is very 
imperfectly known ; indeed, it is only at a few points tliat any- 
thing like a thorough investigation of the iauna has been made. 
It is therefore almost premature to pronounce any decided opinion 
upon the Mollusca, but all the evidence at present to hand 
tends to show that they belong to the Palaearctic and not to 
the Oriental system. This is especially the case with regard 
to tlie fresh-water Mollusca, many of which are specifically 
identical with those occiirriiig in our own islands. A slight 
admixture of such widely distributed types as Corhicidtt and 
Melania occurs, but is not sufficient to disturb tlie general 
Europ(»an faedes of the whole. It is possible that eventually 
the whole district may be regarded as a sub-region combining 
certain characteristics of the eastern portions of the Mcnliter- 
raiiean basin with an extension of the septentrional element, dm^ 
to higlier elevation and more rigorous climate. The principal 
features in the land Mollusca appear to be the occurrence of a 
number of Buliimnus of the Napaeus group, a few Pannacella 
(Afghanistan being tlie limit of the genus eastward), Clausilia, 
Fiqxi, TAmaXy and IleliXy with several stray speedes of Macro- 
chlamys. 


B. The Oriental or Falaeotropical Region 

This region includes all Asia to the south of the boundary 
of the Palaearctic region, that is to say, India, with Ceylon, 
Burinah, Siam, and the whole of the Malay Peninsula, China 
proper, with Hainan and Formosa, and Japan south of Yesso. 
Ft also includes the Andamans and Nicobars, and the whole of 
Malaysia, with the Philippines, as far eastward as, and includ- 
ing Celebes with the Xulla Is., and the string of islands south 
of the Banda Sea up to the K<5 Is. The Moluccas, in their two 
groups, are intermediate between the Oriental and Australasian 
regions. 
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In this vast extent of land two distinct centres of influence 
are prominent — the Indian and the Chinese. Each is of marked 
individuality, but they differ in this essential point, that while 
the Chinese element is decidedly restricted in area, being, in fact, 
more or less confined to "China itself and the adjacent islands, 
the Indian element, on the other hand, extends far beyond con- 
tinental Asia, and embraces all the Malay islands to their 
farthest eastward extent, until it becomes overpowered by the 
Papuan and Australian fauna. Upper Burmah, with Siam, forms 
a sort of meeting-point of the two elements, which here inter- 
mingle in such a way that no very definite line of demarcation 
can be drawn between them. 

Thus we have — 


Oriental Region 


1. Tmlo- Malay Sub-Hegioti 


2. Chinese Sub-Region 


m 

(b) 

(«) 

(rf) 

/(«) 


Indian Province. 
Siamese Province. 
Malay Province. 
Philippine Province. 
Chinese Province. 
Japanese Province. 


The Indo-Malay fauna spreads eastward from its metropolis, 
but has practically no westward extension, or only such as may 
be traced on the eastern coasts of Africa and the off-lying islands. 
There appears to exist no other case in the world where the 
metropolis of a fauna is so plainly indicated, or where it lies, 
not near the centre, but at one of the ends of the whole area of 
distribution. 

Comparing the two sub-regions, the Chinese is distinguished 
by the great predominance of Helix, while in the Indo-Malay 
sub-region Nanina and the related genera are in the ascendancy. 
In India itself there are only 6 genera of true Helicidae, poorly 
represented in point of numbers; in China there are at least 
three times this amount, most of them abundant in species. 
The Indo-Malay sub-region, on the other hand, is the metropolis 
of the Naninidae, which abound both in genera and species. In 
the Chinese sub-region Clausilia attains a development almost 
rivalling that of S.E. Europe, while in India there are scarcely 
a dozen species. A marked feature of the Indo-Malay sub-region 
is the singular group of tubed land operculates (fipisthoporus, 
Pterocyclus, etc.). In China the group is only represented by 
stragglers of Indian derivation, while the land operculate il^u^a. 
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as a whole, is distinctly inferior to the Indian. Another char- 
acteristic group of the Indo-Malay region is Am'phidromus, with 
its gaudily painted and often sinistral shell ; the genus is entirely 
absent from China proper and Japan, where its place is taken 
by various small forms of the Buliminus group. Fresh-water 
Mollusca, especially the bivalves and operculates, are far more 
abundant in the Chinese sub-region than in the Indo-Malay. 

(1) The Indo-Malay Sub-region. — (a) The Indian Province 
proper includes the peninsula of Hindostan, together with Assam 
and Upper and Lower Burmah. To the east and extreme north- 
east, the boundaries of the province are ill-defined, and the fauna 
gradually assimilates with the Siamese on the one hand and the 
Chinese on the other. Eoughly speaking, the line of demarca- 
tion follows the mountain ranges which separate Burmese from 
Chinese territory, but the debatable ground is of wide extent, 
and Yunnan, the first Chinese province over the border, has 
many species common with Upper Burmah. 

The gigantic ranges of mountains which bound the sub- 
region to the north-west and north limit the extension of the 
Indian fauna in those directions in a most decisive manner. 
There is no quarter of the world, even in W. America, where a 
mountain chain has equal effect in barring back a fauna. In 
the north of Kashmir, where the great forests end, there is a 
most comphite change of environment as the traveller gains the 
summit of the watershed ; but Kashmir itself distinctly belongs 
to the Indian and not the Palaearctic system. The great desert 
to the south of the Punjab is equally effective as a barrier towards 
the west. 

The Mollusca of India proper include a very large number of 
interesting and remarkable genera. India is the metropolis of 
the great family of the Kaninidae, or snails with a caudal mucus- 
pore, which are here represented by no less than 14 genera and 
over 200 species. The genera McLcrochlamys, Sitala, Kaliella, 
Ariophanta, Girasia, Auetenia, and Durgella are at their maxi- 
mum. Helix is scarcely represented, containing only about 30 
inconspicuous species (leaving Ceylon out of account). Buliminus 
is abundant, especially in the north. The Stenogyridae are 
represented by GlessuLay which is exceedingly abundant in India, 
but has only a few straggling representatives in the rest of the 
Ori enta l region. Among the Pupidae is the remarkable form 
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Boysia, Mth its twisted upturned mouth, while Lithotis is a 
peculiar form allied to Succiiiea, to which group also probably 
belongs Camptonyx, a limpet-like form with a very small spire, 
peculiar to the Kattiawar peninsula. Camptoceras, an extra- 
ordinarily elongated sinistral shell, with a loosely coiled spire, is 
peculiar to the N.W. Provinces. 

Among the fresh-water pulmonates is an Ampvllarina, a genus 
only known elsewhere from the Fiji Is. and E. Australia. Crem- 
VMonehua is a form of lAttorina, peculiar to the W. Ghats, 
which has habituated itself to a terrestrial life on moist rocks 
many miles from the sea. The fresh-water operculates include 
the peculiar forms Mainwaringia, from the mouth of the Ganges 
(intermediate between Melania and Palvdomus), Stomatodon, 



Fia. 202. — Characteristic Indian Mol- 
lusca : A, Hypselostoma tnhiferuvi 
Blanf. ; B, Campixmeras Urehm Bens. ; 
C| Camptonyx TJmhaldi Bens. 


Fig, 203. — Slrepfuxis 
Perrotdi Pfr., Nil- 
ghiri Hills: A, adult; 
A', young form. 


Larina, Fossarulus, Tricida, and others. The bivalves are neither 
numerous nor remarkable ; Velorita, a genus of the Cyrenidae, is 
peculiar. 

The land operculate fauna of India is singularly rich and 
varied. About 25 genera, and at least 190 species, occur. Here 
we hud the metropolis of Cyclophorus among the larger forms, 
and of IHplommatina and Alycaevs among the smallei*. A large 
proportion of the o])erculate genera are quite peculiar to the 
extreme south of India and Ceylon. The appearance of a few 
species of the European genus Pomatias is very remarkable. 

The carnivorous genera are poorly represented. A few Ennea 
occur, while Streptaxis is practically confined to the extreme 
south and nortli-east. 
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Land and Fresh-water Molhisca of India proper 


Streptaxia . . . 

9 

Trachia . . 

12 

Limiiaea . . 

7 

Streptaulus 

1 

Eiiiiea .... 

8 

Tliysanota . 

1 

Oamptoccras . 

3 

Coptochilus 

3 

Holicarion . . . 

15 

Camaciia . . 

1 

Planorbis . . 

10 

Alycaens . 

49 

Girasia .... 

14 

Amphidroinus 

2 

Ampiillariua . 

1 

Lagocliilus 

1 

Austenia . . . 

11 

Boysia . . 

1 

Melania . . 

17 

Cyclopliorus 

12 

Ibycus .... 

1 

Petraeus . . 

14 

Maiinvaringia 

1 

Scalaina . 

1 

Africarion . . . 

2 

Ccrastus . . 

6 

Paludomus . 

10 

Micraulax . 

2 

Durgella . . . 

A 

Kachis . . 

5 

Stomatodon . 

1 

Jerdonia . 

10 

Ariophanta . . 

15 

Cylindrus 

1 

Larina . . . 

1 

Spiraculum 

4 

Xcsta .... 

8 

Pupa . . . 

15 

Cremnoconchus 3 

Otopoma . 

1 

Macrochlamys . 

78 

Hapahis . . 

4 

Fairbaiikia . 

2 

Cyclotopsis 

2 

Microcystis . . 

7 

Clausilia . . 

10 

Tricula . . . 

1 

Georissa . 

1 

Sitala .... 

20 

Subulina . . 

2 

Bithynia . . 

9 

Modiola . 

1 

Kaliella . . . 

35 

Opoas . . , 

6 

Fossarulus 

1 

Scaphula . 

1 

Heiniplecta . . 

15 

Glcssula . . 

49 

Stenothyra . 

3 

Unio . . 

to 

Scsara .... 

3 

Geostilbia 

3 

Vivipara . . 

4 

Solcnaia . 

1 

Trochomorplia 

5 

Succinea . . 

11 

Valvata 

1 

Cyroua 

13 

Trochomorplioid es 

1 

Litbotis . . 

2 

Ampullaria 

4 

Spbaerium 

1 

Parniacella (?) . . 

1 

Vaginula . . 

1 

Assiminca . . 

9 

Pisidimti . 

5 

Tobennopliorus 

1 

Camptonyx . 

1 

Acmella . . 

2 

Vclorita . 

2 

Aiiadenus . . . 

4 

Ooelostele 

1 

Pomatias . . 

4 

Tanysiplioii 

1 

Plectopylis . . . 

11 

Carycliiuni . 

3 

Diplomniatina 

03 

Novaculina 

1 

Ploctotropis . . 

3 

Ancylus . . 

1 

Pupina . . 

1 

Nausitora . 

1 


The Cingalese district, which almost approaches the cliaracter 
of a distinct province, presents several remarkable. ])oints of 
dissimilarity from the rest of India. It consists of the island 
of Ceylon, and of a portion of S. India whose exact limits have 
yet to be defined. It appears, however, that the Western or 
Malabar coast, with the hills parallel to it, is more akin to 
Ceylon than the Eastern or Coromandel coast. The Trav/nicore, 
Malabar, and S. Canara districts, with the Palnai, Anamalai, 
and Nilgliiri Hills, are markedly Cingalese, while there seems to 
be no distinct evidence of similar relationship on the part of tlie 
Madras or even the Cuddalore district. 

Among the principal features of the Cingalese district is the 
occurrence of three peculiar genera of Helix, one {Acavus) large 
and finely coloured, another {Gorilla) smaller, with a singularly 
toothed Jiperture. While the Corilla group shows relations with 
Plectopylis and other Burmese and Siamese sub-genera Acavus 
(Fig. 204) is totally distinct from any other Indian form, and 
shows signs of close relationship, in the great size of the 
embryonic shell, to the Helices of Madagascar (p. 335). In 
Ceylon the group is entirely isolated, and its occurrence, besides 
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decisively separating that island froin India, Burmah, and 
Siam, forms a most interesting problem in the history of dis- 
tribution. JEurystoma, with a single species (jK vittata Mull.), 
is also peculiar. 

As usual when Helix gains ascendancy, the Naninidae retrogress. 
Durgella, Austenia, and Girasia are absent altogether, while 
Maorochlamys, SitrUa, Kaliella, etc., are present in greatly 
diminished numbers. The sub -genus Beddomea is peculiar, a 
form directly related to Ampkidromv.s (Siam and Malacca). 
The fresh-water operculate Philopotamis is peculiar, but for one 




Pig. 204 . — Helix {Aca~ 
mis) Waltoni Reeve, 
Ceylon, showing em- 
bryonic shell {evib)\ 


species found in Sumatra jv while Tancdia is quite peculiar. But 
the forms wliich, next to the Helices, most emphasise the separa- 
tion of the Cingalese district are the land operculates. There 
are eleven genera or subgenera of land operculates which do not 
occur in the rest of India proper. Two {Aulopoma and Cataulus) 
are quite peculiar, while the other nine are represented in 
Burmah, Siam, and the Malay islands, but not in India. On 
the other hand, Diplommatina and Alycaeus, so profusely abun- 
dant in India, have not yet been discovered in Ceylon. Among 
the slugs, Tennentia is a peculiar genus, whose nearest relation 
occurs in the Seychelles. 


Genera and Suhgenera occurring in the Cingalese District, 
hut not in H and Central India 


Streptaxis 

Tennentia 

Acavus 

Eurystoma 

Gorilla 


Beddomea 

Philopotamis 

Tanalia 

Theobaldius 

Leptopomoides 


Craspedotropis 

Pterocyclus 

Aulopoma 

Ditropis 

Cyathopoma 


Mychopoma 

Cataulus 

Nicida 

Opisthostoma 


The district consisting of Upper Burmah, Pegu, Tenasserim^ 
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and Arman, while essentially a part of the Indian province, 
contains several Siamese genera which are not found in India 
proper, as well as several which are at present peculiar. 
Amongst the former category .axe, of Helicidae, a single repre- 
sentative each of the genera CamaeTta (Siamese and Chinese) and 
Aegista (Chinese). Influence of the same kind is seen in the 
increased numbers of Plectopylis (14 sp.) and Plectotropis (5 sp.), 
of Clausilia (10 sp.) and Ampliidrovius (5 sp.), 
and of the large tubed operculatea (11 sp. in all). 

Sesara and Sophina among the Naninidae are strange 
to India, while HyedimoM is common only to the 
Andamans, Nicobars, and Mascarene Is. Hypselo- 
stoma (Fig. 202, A) is a most remarkable genus of 
the Pupidae, reminding one of Anostoma of the 
New World. It is peculiar to the i)eiiinaula, but 
for one si)ccics in the Philippines. Among the 
Pupinidae, we have the pecidiar Paphaulus and 
JlybocysHs (Fig. 205), a very remar kal)le form, of 
which another species occurs at Perak. Twollelicma 20.'5.> -Jlybo- 
inark the most westward extension of the genus 
on the mainland. In the extreme north of Upper 
Purmah, Indian and Chinese forms intermingle. 

The Burmese district, together with the Indian and Siamese 
proviiKies, is pre-eminently the home of a group of Mollusca, 
originally of marine origin, which have permanently habituated 
themselves to a brackish or fresh-water existence. They belong 
to widely different families, and even Orders, liesides Cremnpeon- 
elms mentioned above, we have, among the bivalves, Novaeulina, 
a Solen living in fresh water in the Canges, Irawudi, and 
Tenasserim estuaries; Scaphula, nn Area, one species of which 
occurs in the Ganges hundreds of miles above the tideway (see 
P- Martesia, a Pholas from the Ira wadi Delta. 

Clea (which also occurs in Java and Sumatra) is probably an 
estuarine ComiTiella; a Tectura has earned the name Jlurninalis 
from its exclusive residence in the Irawadi R; Iravadia is 
probably a Rissoina of similar habits, occurring from Ceylon 
round to Hong-Kong; Brotia is a Cerithiuin from an affluent of 
the Eiver Salwin, and Canidia is a Nassa, occurring in the 
embouchures of rivers from India to Borneo. Nowhere else in 
the world is there such a collection — not exhausted by this list 
VOL. Ill X 
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— of marine forms caught in process of habituation to a fresh- 
water or even a land existence. 

The Andaman and Nicobar Islands possess no peculiar features 
in their laud Mollusca. They are closely related to the adjacent 
coasts of Lower Burmah. Ampkidromus (2 sp.) occurs in the 
Andamans alone, and Claumlia {2 sp.) in the ITicobars alone, 
wliile Hyalimax occurs in both groups. A remarkable Helix 
(codonodes FiSr.) from the Nicobars appears to find its nearest 
relations in the isolated group from Biisuanga and Mindoro (p. 
315). Land operculates are abundant, in the Nicobars actually 
outnumbering the pulmonates (28 to 22). Helicina and Om- 
phalotropis, genera characteristic of small islands, are found on 
both groups. 

(6) The Siamese Province includes the area occupied by the 
districts known as Siam, IjJIOs, Cambodia, Cochin China, Annam, 
and Tonquin. Along the whole of its northern frontier, the 
zoological is no more than a political boundary, while on the 
east the mountain ranges which part Siam from Pegu and 
Tenasserini are not of sufficient height to offer any effective 
barrier to distribution. The province is accordingly qualified to 
a considerable extent by Indian and Chinese elements. 

Stveptajxis is, but for three Ennea, the sole representative of 
the carnivorous genera, and attains its maximum in the Old 
World. Partly owing to Chinese influence, the Helicidae, with 
11 genera and 46 species, begin to regain their position as 
compared with the Naninidae (12 genera, 54 species). Of the 
Helicidae, Aeusta and Hadra appear now for the first time, and, 
with Flectotropis, Stegodera, and Claiisilia, form a marked 

Chinese element. Amphidromus, 
with 33 species, is the most char- 
acteristic land pulmonate. Several 
genera, whose nucleus of distribu- 
tion lies among the islands farther 
east, appear to have penetrated as 
far as these coasts. Such are Chlo- 
ritis, Camaena^ and Obbina among 
the Helicidae, Trochomorpha, and, 
l^iG.2QS,-—Cydoph^irvA8ia7Mn>sis of the operculates, Helicina. 

Sowb., Siam. t i i a. • 

Land operculates are very richly 
developed. In all, there are 17 genera and 104 species known. 
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The tubed operculates attain their maximum, and Cyclophorus 
is even more abundant than in India. Fresh -water bivalves 
abound. Dipsos and Pseudodon are common to China, and Unio 
and Anodonta are profusely represented. A curious resemblance 
to S. America appears in this group, a single Mycetopus occurring, 
the only species not Brazilian, while Arconaia appears very closely 
to approach the Hyria of the same locality. Several genera 
of the Jlydrobia type (Paehydrohia, JvXlienia, Chlorostracia) are 
peculiar. 


Land and Fresh-waier Mollnsca of the Siamese Province 


Streptaxis . . 

20 

Chloritia . . 

8 

Faunus . .1 

Leptopoina 

10 

Ennea . . . 

3 

Dorcasia . . 

1 

Bithynia . . 9 

Lagochilus 

G 

Helicarion . . 

7 

Oamaena 

5 

Wattebledia 1 

Pupina . 

8 

Microcyfttia , . 

3 

Hadra . . 

5 

Stenothyra . 4 

Ilybocystis 

3 

Sesara (?) . . 

1 

Obliina . . 

1 

Hydrobia 1 

Alycaeiis 

G 

Medyla . . . 

1 

Amphidroriius33 

Pachydrobia 9 

Cataulus (?) 

. 1 

Xesta . . . 

4 

Bocourtia . 

2 

Jullienia . 6 

Diploininatina 2 

Macrochlainys , 

6 

Buliminus . 

4 

Lacunopeis . G 

Hclicina . 

. 4 

Kaliella . . . 

5 

Hypselostoma 2 

Chlorostracia 4- 

Qeorissa . 

. 2 

Hyalinia (?) 

1 

Tonkinia 

1 

Vivipara . . 39 

Modiola (f. w.) 2 

Hcmiplecta . . 

14 

Clausilia . . 

15 

Valvata . . 1 

Dreisscnsia . 

. 3 

Rliysota . . . 

2 

Opeas . . 

7 

Ampullaria . 1 5 

Anodonta 

. 17 

Trochomorplia . 

6 

Spiraxis (?) . 

2 

Assiminea . 7 

Mycetopus , 

. 1 

Trochoraorphoid es3 

Subuliiia 

1 

Procyclotus . 8 

Pseudodon , 

, 18 

Plectopylia . . 

5 

Succinea . . 

4 

Dasytherium 2 

Dipsas . 

4 

Stegodera . . 

2 

Vaginnla 

7 

Opisthoporus 5 

Unio . . 

G4 

Plectotropis 

12 

Limnaca 

7 

Bhiostoma . 7 

Arconaia 

. 1 

Trachia . . . 

3 

Planorbis . 

6 

Myxostoina . 1 

Cyrena . . 

6 

Fruticicola . . 

2 

Canidia . . 

13 

Pterocyclus . 7 

Batissa . » . 

1 

Acusta . . . 

2 

Melania . . 

39 

Cyclophorus 28 

Corbicula . 

35 


(c) The Malay Province includes the peninsula of Malacca 
south of Tenasserim, and the series of islands beginning with 
Sumatra and stretching eastward up to the K4 la, besides 
Borneo and Celebes. The Philippines form a separate province. 

The Malay province is singularly poor in representative 
forms, wliether we regard it as a whole or consider the islands 
separately. !N^ot a single genus, with the exception of Rhodina 
(Malacca), appears to be peculiar. The contrast with the West 
Indies is in this respect very striking. Java, for instance, 
which is well explored, and almost exactly eleven times the size 
of Jamaica, has about 100 species of land Mollusca, while 
Jamaica has about 460. 
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This want of* individuality in the land Mollusca of the Malay- 
islands is accounted for by a consideration of the sea deptlis 
which separate them from the Asiatic mainland. The accom-. 
panying map, the red line on wliich is intended to show what 
would be the result of an elevation of the sea bottom for no 
greater amount than 100 fathoms, exhibits clearly the fact that 
these islands are practically a part of Asia, a large stretch of very 
sliallow sea extending between Siam and the greater part of the 
north-west cojist of Borneo. 

In all probability the three great islands of Sumatra, Java, 
and Borneo were united with the mainland of Asia, and 
with one another, at a period, geologically speaking,, coni- 
piratively recent. This follows from the general uniformity of 
their laud ‘Mollusca, both as regards one another and as regards 

the mainland. Nor do the smaller mem- 
bers of the island series — Bali, Lombok, 
Sumbawa, Flores, Timor, and Timor Liiit — 
show any marked individuality in the 
possession of peculiar genera. Wallace’s 
line is absolutely non-existent, so far as 
the land Mollusca are concerned. , Tlu^ 
Fig. 2ai^Ari^hnnta Ram- ^.^ally noticeable break in distribution 
comes witli the Am Is., for while the 
Tcnimber group (Timor Ltiut, etc.) are decidedly Malay, and the 
Ke Is., in the poverty of our information, imccrtain, the Am Is. 
are as rapuan as New Guinea itself. The profound depths of the 
Banda Sea to the north, and the Timor Sea to the south, hppear 
to have kept the islands from Flores to Timor Laut free from the 
intrusion of any Moluccan or any considerable Australian element. 
The Moluccas, as has been already remarked, besides possessing 
considerable peculiarities of their own, unite a mixture of the 
Malay and Papuan elements, anil serve as a sort of debatable 
ground for the meeting of the two. 

The Malay peninsula is practically another island of some- 
what the same shape and general trend as Sumatra, and about 
one-half the size. Its general relations — and the remark applies 
to the great Sunda Islands as well — appear to be rather more 
with Burniah, Tenasserim, and even the Cingalese district, than 
with Siam. Points of connexion between Ceylon and Simatra, 
and Ceylon and Borneo, have already (p. 304) been brought out. 




JAVA AND BORNEO 


309 


Tfc seems not impossible, from the point of view of the land 
Mollusca only, that the Sunda Islands may at one time have 
stretched much farther into the Bay of Bengal, i>rolonged, per- 
haps, into what are now the Andaman and Nicobar groups, 
while Ceylon and the western side of the Deccjin, united into one 
continuous piec*e of land, and possibly separated from N. India by 
a wide stretch of sea, extended farther eastward in a long island, 
or series of islands. 


Java, from its Mollusca, does not appear to hold the compara- 
tively isolated position which its mammals and birds seem to 
indicate. Borneo, on the other hand, is more Siamese than Java 
or Sumatra in respect of a group wliosu metropolis is Siam, 
namely, the tubed o])erculates ; for while that section is repre- 
sented by S species in Sumatra and only 2 
in Java, in Borneo it has as many as 19, 
lihiostoma not occurring in the two former 
islantls at all. Alycaeua, JMffOchilus, Ihtpinay 
and CyclophoruH are found throughout, but 



Hyhocysiis (Malacca, 1 sp.) does not quit the 
mainland. Borm^o is remarkaVdy rich in 
larud operciulates, (^specially noticeable being 
the occurrence (1 I sp.) of Opisthostonm 
(Fig. 208), a most extraordinary form of 
hind shell (Ceylon, Siam), of I/lpdimimatina 
(17 sp.)^ Itaphaulus. The occurrimce 
of a single Pajmina (Moluccas eastward) is 
very remarkable. 

AmphidroitiuH is a genus characteristic 
of the great Sunda Islands, attaining its 



Fig. 208. — ^A, Oinstlwatomct 
Cookri E. A. Smith, 
Borneo ; B, ‘ Opistho- 
stoma gran dispinosuni 
G.-A., Bonieo: Both 

X 8. 


maximum in Java (12 sp,). The Indian Glessula still has 


one species each in Sumatra, Java, and Borneo. One species 
of Streptaxis ^ occurs in Malacca, but Jiniiea (3 sp.) reaches as 


far east as Borneo and the Philippines. Parmarion, Ifelicarion, 


Ariophanta, and other groups of the Naninidae are well repre- 


^ Streptaxis is a remarkable instance of a mainland genus. ^ Although abundant 
in the Oriental, Ethiopian, and Neotropical regions, it never seems to occur on any 
of the adjacent islands, except in the case of Trinidad (1 sp.), which is practically 
mainland. Oniphalotropis, on the other hand, is the exact reverse of Streptaxis 
in this respect, occurring all over Polynesia and the Malay Is., as far west as Borneo, 
as well as on the Mascarenes, but never, save in a doubtful case from China, on the 
mainland of Asia, Australia, or Africa. 
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sented. Hemiplecta and Xesta are jibundant and large, while the 
Ehysota of Borneo contain some huge sinis- 
tral forms. Ehodimt is a remarkable form 
from Malacca, whose exact generic position 
is not yet settled. Clausilia has a few species 
on all the islands, the last occurring on 
Ternate, and a single Fi^mina (Moluccas 
and N. Guinea) occurs in Borneo. 

The Island of Celebes marks the be- 
ginning of a distinct decrease in the Indo- 
Malay element. The Naninidae lose ground, 
in proportion to the Helicidae, Ma^ro- 
elilamys, for instance, being represented by 
L.; Java. spccies, and Ilemiplecta by four. 

Other characteristic genera of the Indian 
region dwindle,- such as Amphidronms, Clavsilia, the tubed 
operculates, and Cyclophorm, while Sitnla, Kaliella, Glessnia, 
and Plectotropis disappear altogether. Comparing the total 
numbers of Naninidae and Helicidae from Sumatra to New Guinea, 
we obtain this interesting result : 

Sumatra Java Borneo Celebes Moluccas N. Guinea 

Nanina (all genera) 26 32 51 22 36 40 

(all genera) 7 11 13 14 55 01 

It will be noticed that the proportion of Naninidae to Helicidae, 
which luis been nearly 4 to I in Sumatra, foils to 15 to 1 in Java, 
and rises again to 4 to 1 in Borneo (showing the essentially con- 
tinental character of the island) ; in Celebes it further falls to 3 
to 2, while in the Moluccas the scale turns and Helix has the 
advantage by about 8 to 5, and in N. Guinea by more than 
2 to 1. 

There is the same absence of marked features of individuality 
in Celebes as in the islands dealt with above. Not a single 
genus is peculiar. The nature of the sea bottom between Borneo 
and Celebes, with its indications of a somewhat broad bridge over 
au otherwise deep channel of separfition, would seem to account 
for and suggest the true explanation of the facts as they stand. 
At the same time, there are indications of a certain amount of 
contrast between N. and S. Celebes. The Indian element, which 
constitutes the preponderating majority of the fauna, is common 
to north and south alike. But the iio^'th part of the ■ island, in 
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which Obha and Obhina occur, shows decided relationship with the 
Philippines, while the occurrence of three Chloritis and one 
Plani^ra tend to approximate S. Celebes rather with the 
Moluccas. 

The idands eastward of Java, from Bali to Timor I^aut and 
the Tenimber Is., present no trace of individual peculiarities ; 
they simply carry on the Indo-Malay fauna as though along a 
great jxjninsula. Even Timor, surrounded as it is on all sides by 
sea of profound depth, shows no sign of possessing even one 
peculiar genus. Amphidromvs, perhaps the most characteristic 
of all Indo-Malay genera, occurs throughout, diminishing in 
numbers as we go eastward (Bali, Lombok, and Siunbawa 4 sp., 
Timor 2 sp., Timor Laut 1 sp.), while Plectotropis reaches no 
farther tlian Flores and Timor. The tubed operculates are j^to- 
gether wanting. In Timor Laut we have Moluccan influence 
appearing in o Chloritis, and there is one (supposed) Corasia. 
Two Helices of a marked Australian type (Ithagada) occur, one in 
Flores, the other on Dama T., south-west of Timor. The con- 
figuration of the sea bottom (sec map) would lead us to believe 
that the north-west coast of Australia once stretched a good 
deal nearer to these islands. 

The Moluccas, taken as a whole, constitute a transition region 
between the Indo-Malay and the Papuan fiiunas, uniting, to a very 
considerable extent, the features of both. They fall into two 
well-defined groups. The northern, or Ternate group, consists of 
Gilolo (Halmahera), Batchian, and the outlying islands as far 
south as and including Obi major. The southern, or Amboyna 
group consists of Burn, Ceram, Amboyna, and the chain of islands 
to the south-east of Ceram, as far as, and including the.lLd Is. 

The Ternate group shows decidedly closer relations with New 
Guinea than the Amboyna group. Thus, among the Helices, the 
markedly Papuan genus Papuina is represented by 7 species in 
the Ternate group, but by 1 in the Amboyna group. Again, the 
Cristigibba section of Planispira, which is a Papuan form, has 
4 representatives in the northern group, but only 1 in the 
southern. Certain points of connexion with Celebes come out in 
the southern group which are wanting in the northern ; thus of 
Chloritis there are 8 species in Amboyna, 0 in Ternate, 3 in 
Celebes. 

.In the Moluccas the Helicidae, for the first time as we move 
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eastward from India, gain the ascendancy over the Naninidae, the 
numbers being, Hdix 55, Nanina 36. If we take the groups 
separately, we find that in the Amboyna group the proportion is 
22 to 23, while in the Ternate group it is 33 to 13, an addi- 
tional proof that the Amboyna group is far less Papuan than the 
Ternate. Of Flanispira, the most characteristic sub-genus of 
Helix, there are 12 species in the Ternate group, and 5 in the 
Amboyna. The section Phania, which contains 4 species of the 
finest Heliees known, is quite peculiar to the Ternate group. 
One species of OWina, a sub-genus markedly Philippine, occurs in 
each group. Several of the Indo-Malay land operculates (eg. 
JDitropis) reach their limit here, and here too we have the last 
GlausUia (strangely absent from the Amboyna group). Artiphi- 
dromus is not reported on sufficient authority to warrant its 
insertion in the list. 


Land Mollusea of the Moluccas. (T = Ternate, A = Amboyna ^ group) 


Helicarion . 

1 A 

Cristigibba . 

1 A, 4 T 

Faunus . . . 

1 A 

Euplecta 

1 A 

Obbina . 

1 A, 1 T 

Vivipara . . 

1 A 

Xesta . . 6 A, 

4T 

Pbania . 

4T 

Acmella . . 

1 A 

Macrocblamys 

1 A 

Albersia . 

3 T 

Diplominatina . 

4 A, 2 T 

Lamprocystis 4 A, 

2 T 

Camaena 

1 T 

Registoma . . 

1 T 

Macrocycloides 

4 A 

Papuina . . 

1 A, *7 T 

Pupinella . . 

1 A 

Sitala . . 

1 A 

Pupa . . 

3 A 

Gallia . . . 

2 A 

EaUeUu . . 3 A, 1 T 

Vertigo . 

2 A 

Leptoponia 

4 A, 5 T 

Trochomorpha 3 A, 3 T 

Clausilia 

1 T 

LiigoebiluB 

1 A, 1 T 

Eudodonta . 

1 A 

Opeas 

4 A, 4 T 

Ditropis , . 

3 A 

Patula . . 

1 A 

Subulina 

1 A 

Cyclotus . . 

4 A, 6 T 

Plectotropis . 

1 T 

Toriiatellina 

1 A 

Ompbalotropis 

3 A 

Eulota . . 

1 A 

Vaginula . 

1 A 

Georissa 

1 T 

Chloritis . . 

8 A 

Melania 

18 A, 4 T 

Heliciiia . . 

6 A, 3T 


Planispira 6 A, 12 T 

(d) The Philippine Province. — In the extraordinarily rich 
devdopmcnt of their Mollusea, the Philippines form a remark- 
able contrast with the poverty of the adjacent Malay islands. 
No less than 727 species of land Mollusea alone are known from 
the group, amongst which are included some of the finest and 
handsomest forms yet discovered. The main features of the 
fauna are Indo-Malay, with the addition of a certain Australasian 

' The Amboyna group has been much the better explored. Common to both 
groups are one sp. each of Kaliella, Trodummpha, Opeat, Lg/topoma, Cydotus, 
BUieina. 
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element, and a remarkable development of individual character- 
istics. 

The principal indigenous feature is the profuse abundance of 
the genus Cochlostyla, a group of large and elegant land shells, 
partly helicoid, partly biilimoid in sliaj)e, many of the species of 
which are covered with a curious liydrophanous epidermis. They 
are in the main of arboreal habits, living in the tops of the 
enormous forests which cover the greater part of the islands. 
As many as 247 species, belonging to 15 sub-genera, have been 
described. 

The distribution of the sub-genera of Coehlostyla on the 



Fia. 2\(i.—CochlostyUi (Chry- 
nftlin) mindwoensiH Brod., 
Mituioro, Philippines. 



Fio. 211. - (Ortho- 

stylus) Portni Reeve, Luzon, 
xjj. 


different islands of the Philippine group affords important 
evidence on the geological relation of the islands to one another. 
Thus we find Orthostyl^s and Hypselostyla occurring in the 
central islands and S. Luzon, but not in Mindanao or Mindoro ; 
we find Chrysalis peculiar to Mindoro, Prochilus to Mindoro 
and the Cuyos, Ptychostyla to Luban, all these being sub-genera 
of very marked characteristics. Six out of the fifteen sub-genera 
are entirely absent from Mindanao, although occurring on the 
islands in the immediate vicinity. The little group Tablas- 
Romblon-Sibuyan are entirely deficient in certain sub-genera 
which occur on the islands surrounding them on all sides.^ 

• ’ A. H. Cooke, P. Z. S, 1892, pp. 447-469. 
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Other forms peculiar to the Philippines are Dia}>hora, a 

section of Emmi with a curi- 
ously produced iiiouth, and 
several suh-genera of tla^ 
.Naninidac( Vitriniconns, Vil- 
rinoUi on, H ’r m itrichia^. The 

great Mhysota here lind their 
metropolis. Another veiy 
marked group of HelLv, is 
Fig. rota BroA... oj,Um, 19 of tho 25 known 

8])ecies being peculiar. 

The Helicidae proper of tlie riiilippines are still held in 
check, as in the greater part of the Tiidiau region, by the 
Naninidae. The single l\arJiia and Plevtotroiiis, and tlu^ 2 
species each of riecUrpylis and SaUuma, indicate allinities with 
[ndo-China. Further important Indian relationships are seen 
in the great Nanina and Ci/idophontfi, which liere attain almost 
Indian dimensions; in KalieUa (tS sp.), Hitala (2), ClavsUm 
(1). Among the oi)erculates we still have 1 Ahjcaens and 1 
Coptoehilus. Singularly enough, several Indian genera wdiich 
occur here are not found in the intervening islands of Borneo, 
Sumatra, or Java, c.g. StreptaxiSy Hypaelostomay IHtropiifiy Acmelltf y 
and Cyathopoina, The curiously tubed Malay opercuhites, 
OpisthoporuSy etc., fail to reach the Philippines proper, although 
occurring in Borneo and N. Celebes ; one of them reaches Palawan. 
The strikingly Malay genus Ainphulvomus reaches Palawan, but 
no farther (1 sp.), while 2 species reach Mindanao, and one of 
these penetrates as far as Bohol and S. I/yte. Amongst the 
slugs, Mariaella occurs again only in the St'ychelles, and Tennentia 
only in Ceylon. 



Land and Fresh-ivater Mollusca of the Philijipines 


Streptaxis 1 
Ennea . .10 

Mariaella . 3 

Tennentia 1 
Helicarion . 2 1 
Vitrinopsis . 5 

Vitrinoidea . 1 

Rliysota . .17 

Trochonanina 2 
Euplecta . . 23 


Hemiplecta . 1 1 
Hcmitrichia 1 5 
Xesta ... 2 

Macroclilamys 5 
Microcystis . 3 

Lamprocystis 17 
Bensonia . . 4 

Vitriniconus 1 6 
Sitala ... 2 

KalieUa . . 8 


Trochomor].)ha 21 
Endodontii 1 
Plectopylis 3 
Plectotropis . 1 

Aulacospira . 3 

Pupisoma . . 1 

Batsunia . . 2 

Dorcasia . 2 

Chloritis . . 7 

Obbina . .19 


Papniiia . . 1 

Phoenicobiiis . 7 

Coclilostyla 247 
Ainphidromus 
llapalus (1) . 

Hypselostonia 1 
Pupa ... 4 

Clausilia . . 1 

Subulina . . 3 

Prosopeas . . • 2 


4 ^ 
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Opeas . . . 

4 

Melania . 

50 

Hargreavesia . 

I 

Cyathoponia . 

5 

Geostilbia . 

1 

Pireiia . 

2 

Gallia . 


Cyclotua . . 

IS) 

Tomalellina 

1 

Bithynia . 

1 

Pupinella . . 

3 

Omithalotnipis 

3 

Succinea . . 

3 

Vivipara . 

t 

Heliconiorpha 

4 

Helicina . 

18 

Vaginiila 

2 

Ampullariii 

5 

Coptochilus . 

1 

Gcorissa . . 

3 

Ancyliis . 

1 

Acmella . 

2 

Alycaeus . . 

1 



Limnaea . . 

3 

Diploiuiiiatinall 

Leptoponia 

12 

Anodonta . . 

1 

Planorbis 

3 

Arinia . . 

0 

Lagocliiliis 

I 1 

Cyrena . . . 

3 

Pliysa . . 

2 

Pupina 

5 

Cycloplionis . 

31 

Corbicula . 

7 



llegistonia . 

7 

Ditropis . 

7 




Islands adjacent to the l^kilippines . — The Philippines are 
eoiinected with Borneo by two distinct riil^es oi- l)jinks of eleva- 
tion, which enclose between them the Soo-loo or IMindoro Sea. 
There can be litth*. doubt that these ridges rc»|)rcsi‘.nt tlie 
ancient highway of transit, by wliich Tndo-Malay s})ecies passed 
into the Philippines. The depth of the sea on either side is 
piofound, ranging from an average of al)Out 1000 lathoms west 
of Palawan to 2550 olf the south-west coast of Mindanao. 

It appears tliat the fauna of the Soo-loo ridge is definitely 
PhilippiiH'. iq) to and including Bongao, Sibiitii, and Bilataii, tlie 
last islands at the Bornean end of the ridge. On these ai ti found 
two speciies of Oochloslf/la and an Ohhina, 

The Palawan ridge may also be dt»scribed as nion^ or less 
I’hilippine throughout. One species of Cocklostyla occurs on 
Balaba(?, just north of Borneo, and two on Palawan, but tliose 
are pi;rhaps counterbalanced by the definitely Indo-Malay Awphi- 
dromus and Opisthoporus (I sp. each). At the northern end of 
the ridge, on Busuanga and Calarnian, the Philippiru^ element 
predominates. 

Representatives of .two remarkable groups of Ifelix {Camaena 
and Phoenicobius) occur along the Palawan ridge and in Mindoro. 
The Phoenicobius find their nearest allies in the curious small 
group known as Obha, from N. Celebes, the Camaena possibly in a 
type of Helix {Hadra) occurring in New Guinea and N.K. Australia. 
The only other Helix from the whole of the E. Imlies whicli 
l)ears siny resemblance to the Phoenicobius group is H. codonodes 
Pfr., which is peculiar to the Nicobars. A few forms assigned to 
Camaena also occur in Further India and Siam. It would 
appear possible, therefore, that these two isolated groups are a 
sort of survival of a fauna which perhaps had once a much 
more extended range. 
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(2) The Chinese Sub-region. — The Chinese ^Suh-rcf/ion in- 
cludes the whole of Cliiiia from its soutliern frontier up to and 
including tlie basin of the Blue or Yang-tse liiver, together with 
the coast district, including Corea, perliaps as far north as Vladi- 
vostok, and tlie outlying islands of Hainan, Formosa, tlie Loo- 
Choo and Bonin groups, and Japan to tlie luntli of Ni]')hon. It 
may be divided into two provinces, the (liinese and the fJapanese. 

TIui fauna of tlie Chinese prnvinve proper bears, in many 
resp(‘.cts, strong marks of relationshi)) to that of India and Siam. 
Thus Sf/reptaiids^ ireHearlon^ Maeroehlamijs, Koliella, Sl/olft, Arlo- 
phanta, Jthysoln, Ifemipleeta , Diplommatinu, OjnHtluporus, Ffero- 
rt/elus, lAUfoehil ns, and Alyeaens all occur, especially in Soutlu‘rn 
(>hina. The two iioints in wliich the sub-region b(Mrs special 
marks of individuality are J Felix ami (Jlausi/la, I'lie sub-genera 
of IFfdix which liave their imdiropolis in (’liina art* Sofsnma, 
CiUhaiea, Aeyisla, Aenstu, Fnluulra, ]*leetotrti))is, and /*leefojyylis. 
Sinistral I'orms (compare Fig. 21*1) an^ ratli(*r prevaliuit. In 
several eases — (\g. Triehia, Gonostomn , FrnUvieoUi — tlau’e is a 
reappearance of forms wliich a])])ear to belong to well-known 
European sub-genera. ChinsUia hen^ attains a kind of second 
centre of distribution, and is represenbul by its linest forms, 

which belong to several peculiar 
sub-genera. The carnivorous Mol- 
lusca arc not abundant, and are 
rt*i»resented by Jlathonisui (a peculiar 
genus of naked slug), Unnerr, and 
Ftreptdxis. In thc^ w^estern provinces 
Jjnlindnns is abundant in several 
V\vt. 2\v^,~iMix{Camavtm) ekii- sub-geiiera, one of which appears to 
tncosa Aiull., China. European XnpiiCUS, 

There is little which is striking in the operculates, which fire 
most abundant in the south, and appear to be mainly derived 
from Indian and Siamese sources. The occurrence of Helicina 
(‘» s]).), Oniphnlotropis (1), Leptopnyma (2), find Itealia (2), is 
evidence of some intluence from the far East. Hcadeiet is a very 
remarkidile find cpiite jieculiar form of IFeHeimt with internal 
plicae, perhaps akin to the Central American Ceres. 

Fresh - water generfi are exceedingly abundfint, especially 
Mchin/ia, Unio, and Anodonta. The concurrence of Mycetopns 
(fi South-Aiiierican genus) is remarkable. There are several 
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peculiar forms of fresh-water operculates, whose exact position is 
hardly yet assured. 


Land and Fresh-water Mollusca of the Chinese Frovime 


Rathouisia . 

1 

Trichi a . . 

10 

Succinca . . 

8 

Lcptupoina . 2 

Streptaxis 

7 

Cathaica . . 

22 

Vagin ula . . 

7 

Lagochilus . LO 

Knnca . . . 

12 

Aegista 

10 

Liiunaea . 

2 

Cyclophorus . 18 

Parniarioii . 

2 

Armundia 

3 

Plan orb is . 

6 

Coelopoma . 1 

Ilelicarion . 

15 

Acusta . . 

15 

Melania . . 

44 

Pterocyclus . 3 

Euplecta . . 

3 

Obhina . . 

1 

Paludomus . 

3 

Opisthoporus 4 

Macrochlamys 19 

Camaeiia . . 

6 

Bithynia . . 

12 

Cyclotus . .10 

Microcystina 

2 

Euhailra . . 

14 

Lithoglyphus 

3 

Bcabrina . . 4 

Microcystis . 

7 

Plectopylis . 

19 

Melantho (?) . 

1 

Ptychoponia . 12 

Kaliella . 

U> 

Slegodera 

C 

Puchydrobia . 

1 

Oinphulotropia 1 

Sitala . . . 

8 

Chloritis . 

1 

Prososthenia . 

2 

]{calia ... 2 

Ariophuiita . 

1 

llcl. Inc. scd. 

39 

Steiiothyra . 

2 

Pscu(lo})Oinatias 1 

llhysota . . 

5 

Buliiniiius . 

21 

Hydrohia . 

2 

Ilelicina . 3 

Heiiiiplecta . 

1 

Biiliiniuopsis 

3 

Mccungia . . 

1 

Gcorissa . . 4 

TrochoiiKirpha 

2 

Biiliminiilius 

3 

Oiicoinelania 

9 

llcud(4a . . J 

Liiiiax . . . 

1 

Napaeii.s . . 

14 

Margaracya . 

1 

(Jyclas ... 1 

Philoinycus . 

1 

Rachis (?) . . 

4 

Rivularia . . 

4 

Corbicula . . 50 

Patula . . . 

2 

Pupa . . . 

10 

Delfivaya . , 

1 

Unio . . . 53 

Gonostoma . 

4 

Clausilia . 

102 

Fenouillia 

1 

Moiiocondyhica 1 

Metodontia . 

2 

Opcas . . . 

12 

Vivipjira . . 

34 

Anodonbi. . 55 

Val Ionia . . 

1 

Euspiraxis . 

1 

Diploinmatina 20 

MyccLopua . 1 2 

Plectotropis . 

9 

Subulina . . 

5 

Pupina . . 

0 

Pseudodon . 1 

Fruticicola . 

11 

Stenogyra (?) 

12 

Alycaeus . . 

23 

I)ipsa.s. . . 4 

Satsuma . . 

14 







The island of Hainan, in the extreme south of the sub-region, 
has 40 species of Mollusca, 22 of which are peculiar, but there is 
no peculiar genus. 

The Mollusca of Formosa, although in many cases specifically 
distinct, show close generic relationship with those of China. 
The characteristic Chinese groups of Helix and Clausilia occur, 
and there is still a considerable Indian element in several species 
of Streptaxis, Macrochlamys, Kaliella, and Alycaens, The oc- 
currence of two Amphidromus, a genus which, though Siamese, 
is not found in China or Hainan, is remarkable. 

The peninsula of Corea must undoubtedly be included in the 
Chinese sub-region. It is true that the land opei culates scarcely 
occur, but there are still a number of Clausilia, and several of 
the characteristic Chinese groups of Helix are reproduced. In 
some points Corea appears to show more affinity to Japan than 
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to Ghiua^ fovir of the Helices being specifically identical with 
those of Japan, but the peninsula is at present too little explored 
for any generalisations to be made as to its fauna in this respect. 

(6) Japanese JProvince, — Kobelt distinguirfies four groups of 
Mollusca inhabiting Japan (a) circumpolar species, actually 
occurring in Europe, Siberia, or N. America, or represented by 
nearly allied species (these of course do not belong to the 
Japanese province as such) ; (5) Indo-tropical species ; (c) species 
which are Chinese or akin to Chinese ; (rf) peculiar species, a 
mixture of two forms, southern and northern, the latter being 
chiefly Hyalinia, Patula, and Fruticicola, Out of a total of 193 
Japanese species, at least 164 are peculiar. 

The Japanese Helices belong to sub -genera common to 
China {Plectotropis 8, Euhadra 21, Acusta 23?); but the 
Naninidae scarcely occur at all. The principal feature of the 
fauna is the development of Clausilia, which presents some 
extraordinarily fine forms. One slug {Philomycus) is identical 
with an Indian species. The operculates, which consist mainly 
of a few species each of Biplommatina^ Cyclophorns, P^ipinella, 
Pupina, Helicina, and Georissa, belong almost exclusively to the 
southern islands Kiu-siu, Sikoku, and southern Niphon. The 
three species usually reckoned as Japonia are probably forms of 
LagochihtSn 


0. The Australasian Region 

This region includes all the islands of the Pacific east of tlie 
Moluccas, and falls into three sub-regions — the Papuan, the 
Australian, and the Polynesian. 

1. The Papuan Sub-region may be divided into — (a) the 
Papuan Province proper, which includes New Guinea, with the 
Am Is. and Waigiou, the Admiralty Is., New Ireland, New 
Britain, and the d’Entrecasteaux and Louisiade Groups; (6) 
the Queensland Province, or the strip of N.E. Australia from 
C. York to the Clarence R (about. 29° S. lat.); (c) the 
Melanesian Province, which includes the New Hebrides, New 
Caledonia, with the Loyalty Is. and the Viti Is. The Solomons 
form a transition district between the Papuan and Melanesian 
provinces, abounding on the one hand in characteristic Papuan 
Helices, while on the other they form the north-western limit of 
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Placostylus^ the group especially characteristic of the Melanesian 
province. 

(a) The Papuan Province. — The molluscan fauna of New 
Guinea is the richest and by far the most original of all the 
Australasian region. We find ourselves, almost in a moment, in 
a district full of new and peculiar forma. New Guinea may be 
regarded as the metropolis of the rich Helicidaii fauna, which is 
also characteristic of the Moluccas to tlic west, of N. and N.E. 
Australia to the south and south-east, and of the Solomons and other 
groups to the north-east. Here abound species of Papuina and 
Insularia (the latter being quite peculiar), among which are 
found, if not the largest, certainly the most finished forms of all 
existing Helices. Chloritis (13 sp.), Planispira (5), and Cristi- 
ijihha (9) are common with the Moluccas, while a tropiail 
Australian element is shown in Pedinogyra (1) and Hadra (4). 
Very remarkable, too, is the occurrence of one species of Ohbina 
and Physota, genera which culminate in the Philippines and here 
find their most eastward extension ; while a single Corasia serves 
to form a link between the Corasia of the Pliilippines and those 
of the Solomon Is., if the latter are true Corasia. 

We naturally find considerable traces of a Polynesian element, 
which appears to be principally characteristic of the eastern part 
of the island. Most noteworthy in this respect is the occur- 
rence of Partvla (3), Tornatellina (1), Charopa (1), Thalassia 
(3). As compared with the true Pvlmonata, the operculates are 
feebly represented, and the great majority are of a markedly 
Polynesian type. Not a single Cyclophorus occurs ; Lagochilus, 
Alycaeus, and all the tubed operculates, so marked a feature of 
the Indo-Malay fauna, are conspicuous by their absence, and the 
prevailing genera are Cyclotus, Helicina, and a number of sections 
of Pupina. Leptopovm, in the Philippines, is strongly repre- 
sented. Not that an Indo-Malay element is altogether absent. 
We still have Xesia (5), Hcmiplecta (8), and even Sitala (2), but 
the great predominance of Helix seems to have barred the pro- 
gress, for the greater part, of the Indian Naninidae. 

The slugs appear to be represented by a solitary Vaginvla. 
A single Perrieria is a very marked feature of union with 
Queensland, where the only other existing species (P. australis) 
occurs. The solitary Rhytida, so far the only representative of 
the carnivorous group of snails, emphasises this imion still 
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further. Little is known of the fresh-water fauna. Melania 
(28 sp.) is predominant^ but on the whole the relations* are 
Australian rather than Indo-Malaj. AmpvXlaria is wanting, 
while a decisive point of similarity is the occurrence of Isidora 
(3 sp.), a genus entirely strange to the Oriental region, but 
markedly characteristic of the Australasian. 


Land and Fresh-water Mollusca of New Guinea 


Rhytida . 

1 

Thalassia 

3 

Calycia . . 

4 

Diplommatina 

1 

Helicarioii . 

2 

Ochthephila (?) 1 

Partula . 

3 

Pupina . . 

4 

Rhysota . 

1 

Chloritis . 

13 

Pupa . . . 

1 

Pupinella 

3 

Ilcmiplecta . 

11 

Planispira . 

5 

Stenogyra . 

1 

Oniphalotropih 

2 

Xesta . . 

2 

Cristigibba . 

9 

Tornatellina 

1 

Bellardiclla . 

2 

Microcystis . 

3 

Insularia 

17 

Perrieria . 

1 

Leptopoma . 

16 

Microcystiiia 

2 

Obbina . 

1 

Siiccinea . 

1 

Cyclotus . . 

6 

Sitala . . 

2 

•Albersia . 

3 

Vaginula 

1 

Cyclotropis . 

5 

Oxytes (?) . 

2 

Hadra . . 

4 

Lininaea . . 

2 

Hclicina . . 

16 

Con ulus . . 

1- 

Pedinogyra . 

1 

Isidora . 

3 

Unio . . . 

4 

Trochoniorplia 8 

Papuina . . 

36 

Melania . . 

28 

Cyrena . . 

3 

Nanina (?) . 

3 

Corasia (?) . 

1 

Eaunus . . 

1 

Corbicula . 

1 

Charopa . . 

1 

Buliinua (?) . 

1 

Vivipara . . 

4 

Batissa . . 

8 


Waigiou is practically a part of New Guinea. Twelve 
genera and twenty species of Mollusca are known, eight of the 
latter being peculiar. The occurrence of Papuina, Insularia, 
and Calycia sufficiently attest its Papuan relationship. Two 
species each of Albersia, Chloritis, and Planispira occur.^ 

The Aru Is. are, as we should expect from their position, and 
particularly from the configuration of the adjacent sea bottom 
(see map), markedly Papuan. At the same time they show un- 
mistakable signs of long-continued separation from the parent 
island, for of their 36 land MoUusca 15, and of their 20 fresh- 
water Mollusca 9 are peculiar. The Papuan element consists in 
the presence of Papuina, Albersia, and Cristigihha. Moluccan 
influence is not absent, for the three Helicina^ the Albersia^ and 
one Cyclotus ar^ all Moluccan species. The fresh-water fauna 
appears to be Ik mixture of varied elements. The single 
Segmentina is common to India, the Olaucomya to Malacca and 
the Philippines, while the single Batissa is also found in New 
Zealand. 

1 Mysol, with 2 OhlairUiiSf 1 iTisularia, 1 Cristigibba, is decidedly Papuan. 
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Land and Fresli-water Mollusca of the Aru Islands, 


Xestii ... 4 

Microcystis . 1 

Hyalinia (?) . 1 

Trochoniorplia 1 
Patnln . . I 
Eiilota . . 1 


Cliloritis . . 5 

Cristigibba . 2 

Albersia . . 1 

Papnina . . 4 

Piijm ... 2 

Stenogyru . 2 


Planorbis I 
Segnientina . 1 

Melania . .14 

Leptopoma . 3 

Moussonid . 1 

Realia^ . . 1 


Cyclotus . . 3 

Helicina . . 3 

Cyrena . . 2 

Olaucoinya . 1 

Batissa . . 1 


The Louisiades, the d'Entrecasteaux, and Trobriand, Is,, and 
Woodlark are closely related to New Guinea, containing no 
peculiar genera. Each group, however, contains a considerable 
proportion of peculiar species, an indication that their separation 
from New Guinea dates from a very distant period. From the 
Louisiades are known 34 species in all, 22 of which are peculiar. 

The fauna of the Admiralty Is., of New Hanover, and New 
Ireland is markedly Papuan, without any esx)ecial feature of 
distinction. The Admiralty Is. contain 15 sp. Papuina, 7 
Chloritis, 1 Planispira, and 1 Corasia. A single Janella shows 
relationship with the New Hebrides and with New Zealand. In 
New Ireland Planispira (which is specially characteristic of W. 
New Guinea and the Moluccas) has disappeared, but there are 7 
Papuina and 6 Chloritis. The essentially Polynesian Partula is 
present in both groups. 

The prominent feature of the Mollusca of the Solomon Is. is 
the extraordinary development of Papuina, which here cul- 
minates in a profusion of species and singularity of form. The 
genus is arboreal, crawling on the branches and attaching itself 
to the leaves of trees and underwood. Of the 140 land 
Pvlmonata known from the group, no less than 50, or 36 per 
cent, are Papuina. Ten species of Corasia occur, but whether 
the shells so identified are gcnerically identical with those of the 
Philippines, is not satisfactorily determined. Trochbmorpha, 
with 22 species, here attains its maximum. Chloritis begins to 
fail, but still has 3 species. Indo-Malay influence still aj^pears, 
though feebly, in Hemiplecta (3), Xesta (1), and possibly even 
Macrochlamys (1). The Rhytida, the 3 Hadra, and possibly 
the Paryphanta represent the Australian element. The grow- 
ing numbers of Partvla (13), the small and inconspicuous land 
operculates (only 22 in all, with Helicina very prominent), and 
the almost complete absence of frash-water bivalves, show signs 
of strong Polynesian affinities. An especial link with the New 
VOL. HI ’ Y 
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Hebrides, New (Medonia, and the Viti Is. is the occuiTenee of 
Placosti/iifs (16 sp.). It is very remar kalde that this geims 
shonld (X'cur in tlie Solomon Is. and not in New Ireland. The 
oeeurrence of ^StrepUixis, if anthentie, is very noteworthy, the 
nearest species being from the Philijipines. 


Land and Fresh-waler Mollusca of the Solomon Islands. 


Strcptaxis (?) 

1 

Troclioinorplia 

22 

Meropt* . 

1 

T'upina . . 

4 

llliytida . . 

1 

Naiiina (?) . . 

2 

Corasia (?) . 

10 

Lcptopunia . 

4 

Pai*yi>hanta(/) 

1 

Patula . . . 

1 

Placostyliis . 

16 

Omphalotropis 2 


2 

Tlialassia . 

2 

Partula . . 

13 

Oyclotiis . 

1 

Xcsta . 

1 

Chlorilis . . 

3 

Succiiiwi . 

1 

Gyclotropis . 

2 

^lacroclilaiiiys 

1 

Philina. . . 

2 

Melania . . 

18 

Iltdiciiia . 

7 

llc.niiplecta . 

a 

Hadra . . . 

3 

Diplominatiua 

2 

Uiiio . 

1 

Microcystis . 

2 

Papuiiia . . 

50 






(li) The Queensland Proviiwe, — The strip of coast-line IVoiii (^a]^c 
Y'ork to the Clarence II. stands apart from the rest of Australia, 
and is closely connected with New (Jninofi. Tliere can )>e little 
dovd)t that it has been colonised from the latter country, since 
an elevation of even 10 fathoms would create (see ma])) a wide 
bridge between the two. Many of tlie genera are cpiite strange 
to the rest of Australia. Lmd o|xu*culates are abundant, and of 
ii l^apuan type. Several of the characteristic rapuan genera of 
Heiis (Papuina, Cliloriiis, Planisp 'mt) occur, while Hadra attains 


Fi(i. 214 . — Cli.'iracteristio Aiis- 
tralinii Jldkes : A, H. 
{Hiulra) p(umun Efr. ; 
y/. {ThiT»itcs) rirJuitondianti 
Pfr. X if. 

A 

its maximum. Panda, Pedinotjyra, and Thcrsitvs are three remark- 
able groui)8 in a rich Heim fauna. Parmacorltlea is a peculiar 
form akin to Heliearion. The carnivorous Mollusca arc repre- 
sented l)y Jihyfida, Diplompfhalus (New Caledonia), and Elaea. 
One species of Janelln, a slug peculiar to this region, occurs. 
The predominant fresh-water genus is Bulinus {Isulora). Am- 
pullaria and Anodonta are entirely absent from Australia and 
New Zealand. 
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jjami jionHum oj rnr \nurnHtnna j'ntruirr 

Diplom|ilialns I Maciwyclis 1 Ui*lix(iiic.se«l.) Jaii(‘11a . . 1 

Rhytida . .10 Ikdicella . 10 Riiliniu.s (i^) . 1 (kurissa . . I 

Elaea . . . I I*lanis]>ira . 8 Sivuojryra 1 Pupiiia .Hi 

Pai'iimtMicliIi'a I lludra . . ">1 Turiiatfllin.i 4 Hedleya . I 

Ilidicarioii . 7 (.hloiitis 5 Pujia . (^ilHa. I 

Naiiiiia . 8 IVdiiioj^yia . 1 Verti^'o . 4 Diploiiiiiialina l\ 

Hyalinia . 10 Tliersitfs 1 PeiTu*ria I . . ‘2 

Tliala.''sia 4 Papniiia . 0 Sucrinca . 8 l)rriiial(»ci*ra 1 

Cliaropa . Panda 2 Vaj^iiiiila I Ilidicina . . 8 

Patula ({) 4 

(r) 7Vte Jfrftnirsiftn Prorhur iucliules tliosc* islaiuls 011 wliicli 
the reniJirkalde ^roiip Phn osh/I oeeurs, tlie nietr(»i)olis of wliose 
distrilnitioii is New Caledonia.. These* islands arc* very jaissihly 
the n*niains of wliat was onee a nineh widta* extent ol’ land. 

A sin;4;lci s|K*c*ies of / V//ras 7 y////.s occurs both on Lord Howe’s I. 

and in thci North I. of* New Zealand, l>iit this I'act, while* 
hi^ddy intere*stiii^' as indicating a possible rornie*r e*xte*nsion 
of liiiid in a south-e*a,sterly dire*e*.tion, is hardly sullicie^nt to la inj^ 
the\se islands within tlie proviiKM* as now liinitcMl. .The^ Solomon 
Is., altli()iiyh c<)ntaiiiin^ 7V^ems7y//v/.s as far to thevwe*st as Kar<» 
I., form, as has been already stated, a transitional district to the 
Papuan ])rovince\ 

— The chief fe‘ature*s of the* Molluse-a are* the* 
reunarkahle deA’el<»pment of the Ijclie-oiel carnivorous ye*ne*ra 
Ithytidff (MO sp.) and Dijdomjthttl uh ( 1 .M sj».), 
and of PhiruatylvH (4o sp.). Tliere^ is a stray 
and a pe*culiar form J^arjidojmrtulfi^ 

Imt Hellr has almost entire*Iy disa])pe»are*d. 

I’edynesian iiifhu*nce is r(?])re*seiite*d by Mivrn- 
i-jlHf.lti (:J sp.), tlie so-e*alle*d Putn.la (IM sj)., 
many of which are probably (Jlmritjm), Tartut- 
tfHina (2 S]).), and Hrllrinn. (20 S]).). J^urtvht 
doe*s not ri*.ach so far south, l>ut there are two 
specaes of JawUa. I'lie n*('urrence; of Mrl- 
ano2}sis{iS) S]).), absent frejiii the wliole* Oriefiital 
region, is curious, and forms another link 
with Xew Zealand. Tlie curious sinistral Zz/a- 

ciilntuiUi’iiH rel., 

iKtm (/s/V/mvr), common with Australia and Xifw Culedonisi. 

New Zeiiland, is abundant. 

71 ie Nev^ Ifchricles link New Caledonia and tliii Solomons by 




324 THE FIJI IS. AND SOUTH AND WEST AUSTRALIA chap. 


their possession of the typical heavy Placostylus (5 sp.) of the 
former, and the lighter and more elegant Charis (2 sp.) of the 
latter. There are 4 Papuina, and Partula is abundant (18 sp.), 
but there is no evidence at present that the carnivorous genera 
or the Melanopsis and Isidora of New Caledonia occur. 

The Fiji Is., by the possession of 14 Placostylus of the Charis 
section, which is entirely absent from the adjacent Tonga group, 
form the eastern limit of the province. There appears to be 
only a single Partula, but the Polynesian element, especially as 
seen in Navicella (8 sp.), Neritina (20 sp.), Helicina (11 sp.), 
and Omphalotropis (11 sp.), is very strong. The Microcystis (9 
sp.) and Trochomorpha (14 sp.) are also of a Polynesian type. 

(2) The Australian Sub-region includes the whole of Australia 
(with the exception of the Queensland province) and Tasmania, 
with New Zealand and the off-lying islands. The fauna, from 
the prevalence of desert, is scanty, especially in genera. Land 
opereulates are almost entirely wanting. Limax is not indi- 
genous, though several species have become naturalised. The 
bulk of the fresh-water species belong to Isidora, and it is doubt- 
ful whether Physa occurs at all. Unio has a few species, and 
also Vivipara, but neither Anodonta nor Ampullaria occur. 
There are a few Melania and Neritina. 

Tropical South Australia. — The Mollusca are scanty, and 
occur chiefly in the neighbourhood of the rivers, the soil being 
arid, with no shelter either of trees or rocks. Fresh-water 
species predominate, and the rich land fauna of Queensland is 
totally wanting. There are no land opereulates, 6 Hadra, 1 
BulimusiT), 1 Steiwyyra. 

West Australia. — Owing to the deserts which bound it, the 
Mpllusca are very isolated, only one species being common 
with N., S., and E. Australia, The chief characteristics are 
Liparus, a form intermediate between Helix and Bulimus, and, 
among the Helices, the group Bhagada. There are no slugs, no 
carnivorous snails, and only three land opereulates. 

Land Mollusca of West Australia. 

Lamprocystis 1 Qonostoiua . 2 Hadra . . 5 Cyclophorus 2 

Hyalinia. . 1 Trachia . . 3 Liparus . . 10 Helicina. . 1 

Patula ... 7 Xeropliila 1 Pupa ... 4 

Chloritis 2 Bhagada 8 Succinea . . 3 
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In Eastern and Southern Australia (New South Wales, 
Victoria, and South Australia) the tropical element, so abundant 
in Queensland, almost entirely disappears, the last operculate (a 
Helicirut) only reaching Port Macquarie, though several species 
of Helicarion occur in the extreme south. Hadra is still abun- 
dant in New South Wales (18 sp.) and S. Australia (10 sp.), but 
becomes scarce in Victoria (2 sp.) ; New South Wales has also 
one Panda and two Thersites. Gystopelta is common with Tas- 
mania, and one of the Janellidae {Aneitea) with Queensland. 
The carnivorous snails are represented by Rhytida. CaryodeSy a 
bulimoid group perhaps akin to Liparus, is common with 
Tasmania only. 

Tasmania, — About 80 species of land Mollusca are kmnvn, 
not more than 10 being common with Australia. No land 
operculates occur ; Endodonta and Charopa are rare, and 
Hadra has entirely disappeared, but Pupa and Succmea occur. 
Carnivorous genera are represented by Paryphanta, llhytiday and 
Rlienea, Anoglypta is a peculiar section of HeliXy while CaryodeSy 
Gystopeltay and Helicarion are common with Australia. Among 
the fresh- water Mollusca are a Gundlachia (see p. 345), and some 
forms of Amnicola or Hydrohiay one of which {Potamopyrgus) is 
common only with New Zealand.^ 

The Neozealanian Province, — TJie Mollusca of New Zealand, 
with the Kermadec, Chatliam, and Auckland Is., are remarkably 
isolated. Such genera as Nanina, Partula, Pupay StemgyrUy 
Snccineay Vaginulay Truncatella, llelici'tia, and Navicellay whicli 
might have been expected to occur, arc entirely absent. The 
bulk of the land Mollusca are small and obscure forms, perhaps 
remains of a very early type, and appear to belong to th(5 
Zonitidae, neither Patula nor Helix occurring at all. The 
carnivorous forms are represented by SchizoglossUy a peculiar 
genus akin to Daudeharduty by Paryphanta, an extraordinary 
group of large shells with a thick leathery epidermis, and by 
Rhytida and Rhenea, In spite of its extreme isolation, the 
general relations of the fauna are partly with New Caledonia, 
partly with E. Australia. The occurrence of Placostylus has 
already been mentioned (p. 323), and three species of Janellay 
a genus which also occurs in Queensland and New Caledonia, 

^ See especially C. Hedley, Note on the Relation of the Land Mollusca of Tasmania 
and'New Zealand, Ann, May, Nat, Hiit, (6) xiii. p. 442. 
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iiidicfite the same affinity. Otocoiiclm is peculiar. The fresh- 
water Molliisca, besides tlie Isidora characteristic of the sub- 
region, are partly related to New Caledonia througli tlie occur- 
rence of ^lelanojms, partly to Tasmania through Potamopyrffiis, 
wliile the peculiar Latia is possibly akin to Gundlachia (Tas- 
mania). The land operculates number only 5 genera and 14 
species in all, excluding a doubtful Diploitiinatina} 


Land and Fresh-water MoUamt of the Neozenlanian Province 


S(diizoglospa . 

1 

Gerontia . 

2 

Placostylus . 

1 

IMdanopsis . 

0 

Paryplianfci . 

fi 

Allodisciis 

10 

(Jarthaea . 

I 

Potaniopyrgiis 

4 

Khytida . . 

fJ 

Pyrrlia . . 

1 

Torriatelliiiii . 

1 

Paxillus . . 

1 

Rhenea . . 

2 

Therasia . . 

7 

.land la 

.3 

Lagocliilus . 

7 

Ihdicarion . 

1 

Phenacolielix: 

.3 

Latia . . . 

2 

Omplialotropis 

1 

Otoconcha 

1 

Suteria . . 

1 

Aiicylii.s . . 

2 

licalia. . . 

4 

Microcystis . 

1 

FJammuliiui . 

1.3 

Liiunaea . 

rj 

Ilydrocona . 

I 

TrochonaiiiiiJi 

1 

Laoina . . 

2.3 

Ampliipcjilea 

2 

Uiiio . . . 

0 

Pliacnssa . . 

a 

Kndodonta . 

10 

Planorbis . 

I 

Bphaerium . 

1 

Thalassohclix 

T) 

Charopa . . 

28 

Isidora . . 

7 

Pisidiuiii . 

2 


Lord Itowds L is remarkable as containing a Plnr.ostylufi, 
which thus links the island with this province. The remainder 
of the fa^iina is Polynesian, with the exception of a species 
(coiniuon to the Fijis) of Parmella, a slug akin to Heiicarion, 
Parmtcochlea, and CydopeHa, 

(:'») The Pol3niesiaii Sub-region includes all the island groups 
of the central and southern Pjicific (except those classified in the 
Papuan and Australian sub-regions), from 
the Pelews and Carolines in the west to 
the Marquesas and Paumotus in the east, 
and from the Tonga group in the south 
to the Sandwich Is. in the nortli. It may 
l>e subdivided into (ji) tlie Polynesian pro- 
vince proper, and (&) the Hawaiian pro- 

Fio, 216 . — Cliaracteristic vince, which includes the Sandwich Is. 

Polynesian Molluscn : A, 

Achatindla vuipina Fur., ip n j -n w 

Sandwich Is. ; B, /*^r- (a) The general features of the Pofy- 

Sodety^is*^^^”* ^*"**^* pvovime are very similar through- 

out, although the Mollusca of each island 
group are in the main peciUiar. The species are mostly small 

^ Hedley and Sutcr, Proc. Linn. Soc. X, S. JFales (2), vii. p. 613. Twenty-ono 
spocies are “ introduced.*' 
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and obscure. Helix scarcely occurs, its place being taken by 
small Zonitidae {Microcystis, Charopa, Trochomorpha, etc.), and 
by groups of so-called Patvla {Pndodonta, Piiys, etc.), the exact 
position of which is not yet settled. Libera, remarkable for its 
method of ovipositing (p. 128), is peculiar to the Society and 
Hervey Is. ; Par tula is almost universal, attaining its maximum 
(40 sp.) in the Society Is.; Torriaicllina, Pupa, and Vertigo occur 
throughout. 

The land operculates consist chiefly of Omphaiotropis, Pupina, 
Bealia, and Helicma, Diplqmmatina and Palairut are abun- 
dant on the Pelews, and a Moussonia occurs in the Samoa Is. 
Ostoclcs, a small form of Cyclophorus, is found in some of the 
southern groups. The fresh -water operculates are Melania, 
Ncritina (including Clithon, a sub-genus furnislied with spines), 
and Navicella; there are no Unionidae, while fresh -water 
Pidmonata are very scarce. 

(6) The land Mollusca of the Hawaiian provime are dis- 
tinguished by the possession of lour entirely peculiar genera — 
Achatinella, Leptachatina, Carelia, and Anriculella. More tliau 
300 of the two former genera have been described, every moun- 
tain valley of some of the islands having its own peculiar spcicies. 
The destruction of the indigenous herbage by goats is rapidly 
extinguishing many forms. Partvla, and the small land o|m»i - 
culatcs, so characteiistic of the other groups, are, with the 
exception of Helicina, entirely wanting. The occurrence of one 
of the Mcrope group of Helix (Solomon Is.) is remarkable, and 
there is a rich development of Succinea. “ Patvla^' Microcystis, 
Tornatellina, and the other small Polynesian land Pulmonaia 
are well represented. The presence of Isidora^ absent from the 
central Pacific groups, is remarkable, and Erinna is a peculiar 
genus belonging to the Limnaeidae. 



CHAPTER XI 

GEOGRAPHICAL DISTRIBUTION OF LAND MOLLUSCA {continued) 

THE ETHIOPIAN, NEARCTIC, AND NEOTROPICAL REGIONS 

D. The Ethiopian Region 

The Ethiopian region includes the whole of Africa south of the 
Great Desert, and Southern Arabia, together with the outlying 
islands, excepting those of the Atlantidean province (p. 297). 

Regarded as a whole, the Ethiopian is poorest in land Mollusca 
of all the tropical regions. And yet its characteristics are very 
remarkable. The entire Achatina group is peculiar, and takes, 
especially in W. Africa, some curious forms {Columna, FerideriSy 
Pseudachatina), Carnivorous Mollusca {Ennea, Gibhus, etc.) are 
highly developed, especially in the south and east, the largest 
known helicoid form {Aerope) being J’rom Natal. In the posses- 
sion of these types of the Agnatha, Africa is more closely related 
to the Australasian than to the Oriental region. The true Cyclo- 
stoma are entirely peculiar to the region, but are absent from 
West Africa. 

Eresh-water Mollusca are abundant and characteristic, especi- 
ally in and near the Great Lakes. Zanistes, Cleopatra, and 
Meladomus, among the operculates, together with Mutela and 
Aetheria (Unionidae), Galatea and Fischeria (Cyrenidae), are 
peculiar. 

In its negative, as well as its positive features, the Ethiopian 
region is markedly isolated. Helicidae and Naninidae are equally 
deficient, the former, indeed, attaining some numerical predomin- 
ance in the extreme south, but the species are nearly all insignifi- 
cant in size and colouring. It is only in Madagascar that 
Helix asserts itself. Avion, Limeue, Hyalinia, Clausilia, and a 
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Qiiinber of other genera abundant along the Mediterranean, are 
either altogether absent, or are very scantily represented. Land 
operculates, so characteristic of other tropical countries, are almost 
entirely wanting. If we disregard the Malagasy sub-region, there 
are scarcely forty species of land operculates on the whole 
African continent. 

The Ethiopian region may be divided into three sub-regions : 
(1) the Central African; (2) the South African; (3) the 
Malagasy. 

(1) The Central African Sub-region is bounded on the north 
by the Great Desert, on the east and west by the ocean, and on 
the soutli by a line roughly drawn between the mouth of the 
Orange Eiver and Delagoa Bay ; it also includes S. Arabia. No 
natural features exist which tiaid to break up this vast district 
into areas of independent zoological development. The absence of 
long and lofty mountain ranges, the enormous size of the great 
river basins, and the general uniformity of climate, equalise the 
conditions of life throughout. It will be convenient to break 
the sub-region up into provinces, but in most cases no precise 
line of demarcation can be laid down. 

(а) The Seneffambian Frovime may be I’cgarded as extending 
from the mouth of the Senegal Eiver to Cape Palmas. Only 8 
genera of land Mollusca are known, including 4 lAmicolaria and 
3 Thapsia, with 1 small Cijclophorus, Fresh- water genera are 
abundant, and include most of the characteristic Ethiopian forma. 

(б) The West African Provime extends from Cape Palmas to 
the mouth of the Congo, and is rich in Mollusca. The great 
Achatina^ largest of land snails, whose shell sometimes attains a 
length of Cg- in., lAmicolaria, PeHderis,, and' Pseudachatina, are 
the characteristic forms. The Agnatha are represented by Ennea, 
Streptaxis, and Streptostele, Bachis and Pachnodus, subgenera 
of BvliminuSy occur also on the east coast. A special feature is 
the development of several peculiar slug-like genera, e.g. Oopelta, 
perhaps a form of Arion ; Estria, a slug with an external shell, 
akin to Parmacella; and Aspidelus, a form intermediate be- 
tween Helicarion and lAmojx. Claviger, a handsome group 
akin to Cerithium, is peculiar to the estuaries of West African 
rivers. 

About sixteen species are known from the Cameroona District, 
but no peculiar genera occur. The French Congo District has 
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not yet been well explored. Tomostele, a genus allied to 
atreptostele, is peculiar, and Vseudachatina attains its niaxiinnni. 

St. Thomna and Princes Is., in the Gulf of 
Guinea, are well known. Princes L has 22 
spe(iies, 14 peculiar, and 2 common to St. Thomas 
only, one of the latter l)cing the great sinistral 
Achatina McaHnaitt Chcni. Tlie remarkable 
genus Colvumut (Fig. 217) is peculiar, and 
Streptostele (4 sp.) attains its maximum. Peculiar 
to St. Thomas arc Pyrtfina, a turretcnl form of 
Stcnoyyra ; Tkyrophorella, a sinistral form of 
Zoriites ; and AtopococMis, a large bulinioid 
sliell, whos(^ true relationships are not yet known. 
Iloimrus^ a group of Achatina with an elongated 
sj)ire, occiurring also in the Angola District and 
on the east coast, has 4 species. No fresh-water 
Fja.217.— Species liave as yet been discovered in either of 

J^mmea Miill , islands. 

Pruices 1. 

The Angola and Bcnyuela District, extend- 
ing from the Congo to the Cunenc K., probably bedongs to the 
West African Sub-region, but until its fauna is better known 
it is advisable to consider it apart. Achatiym continues 
abundant, but tlie other characteristic West African forms 
{Psemhwhatina, Strcptostcle, Perideris) diminisli or am absent 
altogether. No Helix and only 1 Cyclojyho^nis ocjcur. 

Ovampo, Damara, and Great Hamaqnaland, lying between 
tlie Cumene and Orange rivers, seem to form a transition 
district between tlie West and Soutli African faunas. Helix 
reappears, while the characteristic West African genera are 
almost entirely wanting. 

(fj) The East African Province extends from about Delagoa 
Bay to the Abyssinian shores of the Ked Sea. In general out- 
line the province consists of a flat marshy district, extending 
inland for many miles from the sea ; this is succeeded by rising 
ground, which eventually liecomes a high table- land, often 
ilesolate and arid, whose line of slope lies jiarallel to the trend of 
the coast. The Mollusca am little known, and have only been 
studied in isolated districts, usually from the discoveries of 
ex})loring expeditions. 

The Mozambique District, from Delagoa Bay to Cape Delgado, 
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includes no yenus wliicli does not occur on the west const, except 
Cyclostorna (2 sp.) Trochonanimt (4 sp.), Urocyelus, a character- 
istic African slug (2 sp.), Rnchin (6 sp.), Fachnodus (2 sp.), and 
Achat ina (5 sp.), are the principal groups. 



Fns. ‘J1 8. — Vrocyclus comoremtiA 
Fiscli., Comoro Is. : O, Cun- 
erative orifice ; M, iiuiciis 
glaiul ; O, orifice leading to 
internal sliell ; P, pulmonary 
orifice ; T, tentacles, (After 
Fisclier.) 


The Zanzihar District, from Oapc! Delgado to the Somali 
country, lias the same general features. Meladomns, a largi* 
sinistra! Ainpullaria, is cliaracteristic, while (hjclostoma (5 sp.) 
becomes more abundant. Helix is still alisent, l)ut tlie carnivor- 
ous forms {Htre 2 daxis 2 sp., E tinea 7 sji.) are rather numerous. 

The So^niali District is characterised by oiierculate groups of 
the Otopoma type (Gcoryia, Dochehrunia, lieroilia) whose generic, 
value is ratlier doubtful. Pciraeus, in an Araliian type, su])- 
idants Baxhis and Pach nodus. Achat irut is nearly wanting, 
but JAmicolaria lias 9 sfiecieH. A few Helix, said to be of tlie 
Pisana group, o(;cur. 

The District hetivcen the Great Lakes and the coast reyion is 
fairly well known througli rewuit explorations, esiiecijilly those 
associated witli Emin I’aslia. {^treptaxis ((5 sp.) and Ennea 
(24 sp.) are numerous, Helix is wanting, and the Naninidae 
are represented by Trochonaniim (7 sp.), and other forms at 
prestuit groui)ed under Niinitm or Ifyalinia, On the liigh ground 
Euliminus, Cerastns, and rc»place,‘ to. scniie extcuit, the 

Achatina and Limieolaria of the marshy plains. I.rfind oper- 
cuVdtes (Cyclopkorus 1, Cyclostoma 8) are more numerous; among 
fresh-water genera we have Lanistes (5 sp.), Cleopatra (8 sp.), 
Meladomus (1 sp.), and Leroya, a sinistral form with the facies 
of a Littorina, The cliaracteristic African bivalves {Mutela, 
Spatha, etc.), are few in nunilxT. 

{d) Province of the Great Lakes. — The Mollusiia of the four 
great lakes of Eastern Central Africa — Dikes Alliert Nyaiiza 
(Luta Nzige, 2720 ft.), Victoria Nyanza (Ouki5rew(5, 3700 ft.), 
Nyassa (1520 ft.), and Tanganyika (2800 ft.) — are well known, 
and supply an interesting problem in distribution. Those of the 
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three first mentioned lakes differ in no way from the rest of 
tropical Africa, but the Mollusca of Tanganyika include, in 
addition to the ordinary African element, a number of peculiar 
operculate genera, belonging principally to the Melaniidae and 
Hydrobiidae. Several of these possess a solidity of form and com- 
pactness of structure which is unusual in fresh-water genera, and 
has led to the belief, among some authorities, that they are tlio 
direct descendants of marine species, and that Tanganyika repre- 
sents an ancient marine area. This view appears untenable. 
The Victoria Nyanza and Nyassa are part of the same system as 
Tanganyika, and it is not easy to see how, if Tanganyika were 
once an arm of the sea, they were not equally so, especially as 
they are several hundred miles nearer the Indian Ocean as at 
present defined. Nor, as will be seen from the figures given 
above, is there anything in the altitudes which would make us 
expect anything exceptional in Tanganyika. The similar case of L. 
Baikal must be compared (p. 290), where again a number of 
specialised forms of llydrobia occur. 

Of the genera concerned, Pararnclania and Nassopsis are 
forms of Melaniidae; TiphoMa (Fig. 219), which is allied to 
Paludomy^, is a compact shell with angulated spinose whorls ; 
Laciinopsis, Ponsonhya, Limnotrochus, and Tanganyicia are prob- 
ably forms of Litkoglyphibs, some, as their names denote, being 
of decidedly marine facies ; Syrnolopsis and Turhonilla (?) look 
like Pyramidellidae, Jlorea and Ileymondia like Rissoina; Bout- 
guignatia appears to belong to Vivipara, with which has now 
been merged the genus Neothauma. Recently discovered forms 
from the adjacent K Mweru are evidently of kindred origin. 

(e) The Afro- Arabian Province includes Abyssinia, with S. 
Arabia, the African shores of the Gulf of Aden, and Socotra. 
Tlie province contains a singular mixture of types. The high 
ground of Abyssinia stands like a lofty European island in the 
midst of a tropical plain, with Palaearctic genera flourishing like 
hardy northern plants on a mountain in low latitudes. Helix, 
Vitrina, and Pupa abound, with a few Clausilia and even a 
Limax, On the lower levels occur Liinicolaria (3 sp.), Suhvlina 
(7 sp.), Ildicarion, and Homorue, but laud operculates are entirely 
wanting. Characteristic of the province as a whole are various 
forms of Buliminm, which in Socotra are represented by two 
peculiar sub-genera, Achatinelloidee and Paeeamaidla. In . S. 
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Arabia the mixture of types produces curious results: the Helix, 
Olausilia, and VitriTui being Palaearctic, the Limicolaria and 
all the operculates Kthiojuan, while the single Troehomorj^ha 
is IndiaJi. Indian inttiienee, indeed, comes out unmistakably 



Frr.. 219. — Tiphohia Uorci E. A. Sniitli, 
L. Taiigiiuyik;i. 



Fig. 220. — Mollusca clmrnc- 
turistic of L. Tanganyika : A, 
NaampHis missa Wooilw. ; 

B, Spt^kia ziynufa Wooilw. ; 

C, Sj/rtiolopgiH lantsfriM E. 
A. Sinitli. 


throughout tlie province. Thus in Socotra therci are two Cyvlo- 
topsis, ill Abyssinia two Afrimrion (elosidy related to th(» Indian 
Girasia), two Aficroeystis, and a OleHsitltt, and in the Scioa dis- 
trict there is a Sitaia. Tlie fresh-water Mollusea of Socotra are 
Indian forms. 

(2) The South Afirican Sub-region. — Th(‘> principal charac- 
teristic of the Mollusca of S. Africa is 
the occurrence of numerous small speci(‘s 
of Helicidais belonging chiefly to the 
grou|)S Fella, Flams, iJorvasia, ami 
ileulptaria, all of which are practically 
jieculiar. Carnivorous genera are also 
prominent, Ennea here attaining its 
maximum. Ilhytida (to which si?veral 
species still regarded as Fella l^doiig) is 
common only to the S. Pacific and Aus- 
tralasia, and forms, with Isidora among 
the fresh-water pulmonates, a remarkable 
link of connexion.* Aerope, the largest 
of all helicoid carnivorous genera, and 
Chlamydephorvs, a c-arnivorous slug with 
an internal shell, are peculiar. Achatina 
is . still abimdant, but Limicolaria is wanting. Livmhacea, a 



Fig. 221 . — AcJiaiina 
Lam. , S. Africa, x 
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form with a continuous peristome, perhaps akin to Bvlimus; 
Apera, a form of slug ; and Coeliaxis, a genus perhaps akin to 
the Papuan and Queensland Perrieria, are all peculiar. The 
land operculates, which are not numerous, are of the East 
African type. 


Land Mollusca of the S. African Sub-region. 


Chlamydepliorus 

1 

Vitrina . 

. 7 

Helix (ill c.sed.; 

4 

Stenogyra . 

4 

Ennca . . . 

31 

Naiiina . 

. 6 

liachis . . 

1 

Coeliaxis . 

1 

Aerope . . . 

5 

Conuliis . 

2 

Pachnodus . 

3 

Succinea 

3 

Rhytifla . . . 

3 

Patula 

. 2 

Bui i minus (?) 

4 

Vaginula 

2 

Helicarioii . 

3 

Pella . . 

. 44 

Pupa . . . 

20 

Cyclophorus 

1 

Trochonaiiina . 

1 

Dorcasia . 

. 8 

Vertigo . . 

2 

Cyclostoma 

7 

Trochozonites . 

1 

Fhasis 

. 1 

Achatina . . 

18 

Cyclotus (?) 

1 

Li max . . . 

Aj)era . . . 

1 

1 

Sculptariii 

. 2 

Livinliacca . 

1 

Blanfordia . 

1 


St. Helena. — The Molluscan fauna of St. Helena is perhaps 
the most puzzUng, as regards its geographical affinities, of any in 
the world. It consists of 29 i)eculiar species of land Mollusca 
(fresh-water species being unknown), 19 of which are recently 
extinct, partly owing to the destruction of the forest, but are 
found in considerable abundance in a state of good, preservation.’ 
The genera are — 

Hyalinia 1 Bulimulus 7 (5 extinct) Pupa . 2 (extinct) 

Patula . 4 (3 extinct) Pachyotus 1 (extinct) Siiccinea 3 

Eiidodonta 10 (7 extinct) Tomigerns (?) 1 (extinct) 

The 6 genera which concentrate our attention are Patula, 
EndodonJta, Pachyotus (Fig. 222), Tomigerus, and Bulimulus, all 
of which appear utterly strange to an oceanic island in the middle 
of the S. Atlantic. Patula and Endodonta are essentially Poly- 
nesian forms, occurring abundantly on all the island groups in 
the Central Pacific. Pachyotus, Tomigerus (assuming its correct 
identification), and Bulimulus are all S. American forms, the two 
former being especially characteristic of Brazil How this mix- 
ture of genera now confined to regions so widely distant, not only 
from St, Helena itself, but from one another, became associate 
here, is a problem obviously not easy of solution. The fauna 
is prol>ably a remnant of a very ancient type, possibly at one 

^ Nine species have been introduced : 6 from Europe, 2 from the West Indies, 1 
from the Western Isles. 
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time much more widely distributed. Endodonta (an essentially 
insular form, like Omphalotropis) actually occurs on Fernando 
Noronha, ofi' the Brazil coast, and we shall see how an Indian 
and even a Polynesian element is present off the eastern coasts 
of Africa. 

Ascension L — One indigenous species, a so-called Limax, is all 
that has ever been discovered. 

(3) The Malagasy Sub-region includes Madagascar with its 
attendant satellites Bourbon, Mauritius, and llodrigucz, and the 
Seychelles and Comoro groups. No land Mollusca are known 
from the Amirantes, the Cliagos, or from Aldabra. The special 
characteristics of the sub-region are tlie great development of the 
carnivorous land Mollusca {Ennea, Gihbus), the occuiTence of a 
considerable number of true llelicidae of great size and beauty, 
and the prominence of the genus Cyclostoma. 

(a) The Madagascan Province. — The land Mollusca of Mada- 
gascar, although as yet imperfectly known, i)oas(*ss a striking 
individuality. Two of the chief characteristics of the Ethiopian 
region are the paucity of its land opcrculate and of its Ifelix 
fauna ; Madagascar is espeidally distinguished by the rich develop- 
ment of both these groups. For size, colouring, and beauty of 
shape, the Helicidae of the two subgcnera Ainpelita and ifelieo- 
yhanta rival, if they do not surpass, any in the world. They 
are quite peculiar to this sub-region, not a trace of them ocinir- 
ring on the Mascarenes, Seychelles, or even on the Comoros. 
Ilelicophanta is distinguished by the enormous size, of its embry- 
onic shell, which persists in the adult (Fig. 223), and in this 
respect the group appears to be related to Acavus (Ceylon, Fig. 
204) and Panda (N.E. Australia). As is usual when Helix is 
well developed, Nanina (about 12 sp.) is proportionately scanty. 

The African Bidimini {Pachnodus and Rachis) are repre- 
sented by two species, but Achatina, so abundant on the main- 
land, is scarce. Two other groups of Buliminus, Leucotaenia 
and Clavator, are peculiar. The presence of a single Kaliellay 
specifically identical with a common Indian form, is very 
remarkable. 

. Cyelostoma proper, of which Madagascar is the metropolis, 
is richly developed (54 sp.). Many of the species are of great 
size and of s^^riking beauty of ornamentation. Unlike its Heli- 
eidae, this genus is not restricted to Madagascar ; several species 
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occur on tlie mainlaiul, (i on the Comoros, one on the Seychelles, 
Hiul 16 in Mniiritiiis. The sub-geiierji Avro'ptychia ami Hainesia 
are peculiar. 

The fresh-water Mollusca of Madagascar contain furtlier 



222, '—P(i('Jtyotus films 
'Ciiilpiiid De.sh., St. Helena 
(.sub-fossil). 



Ktc. 223. ilrii.r{7fe/im/)hanta) 
i^mverhinna Fiseli., MjuIji- 
ffsisnar, show in (unbryonio 

sliell, ;; 


traces of Iiuliaii relationship. Tims we find two species of 
PaludomuH, a genus whose metropolis is (’eylon, India,, and 
FurtlKU* India, and which is barely repix^sentiHl on the Seychelles 
and in the Somali district. ArelamitrUty wliidi is peculiar to 
Madagascar, has its utNuest affinities in the (Ingalese and East 
Indian faunas. Several of the Mrlanm and the two Bithynia 

are of a type entirely wanting in Africa, 
but conumm in the Indo-Malay sub- 
region. Not a single one of the (luir- 
acteristic African fresh - water 1 >i valves 
{Mnhdtiy Sjmtli(fy Arthrrin, Galatea^ etc.) 
has ])etui found in Madagascar. On 
the other hand, cerbiin Afri(*an Gaster- 
opoda, such as CleojxUra and Isidora, 
occur, indiciiting, in common with the 
land Molluswi, that an ultimate hind connexion with Africa must 
have taken place, but at an immeasurably remote periotl. 



Fio. 224 . — Cyclostoma campnh 
latum Pfr., Madagasonr. 
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Land and Fresh-water MoUusca of Madagascar, 


Enneu ... 9 

Urocyclus . . 2 

Helicaiion (0 . 1 

Macrocyclis Cl) 1 
Kuliella . ■ . 1 

Naiiina(ino.»cd.) 9 
Aiiipelita . . STi 

lIelico|>haiita . i 7 
Pachnodus 2 
Rucliis ... 2 


Leu cotiie Ilia . 2 

Clavator . . 2 

Achat ilia . . 3 

Opeas ... 2 

Subulina . . 3 

Vaginula . . 4 

Limiiaea . . 2 

Plaiiorbis . 3 

Isidora . . . 3 


Melania . . 7 

Melanatria . 4 

Paludonius . 2 

Vivipara . . 1 

Pitljynia . . 2 

Cleopatra . 2 

Ainpullaria . 6 

Cyclophorus 2 
Cyclotus . I 


Cyclostonia . r»4 
Otopoma . . T) 

Litliidion. . 1 

Acropty cilia . 3 

Hainesia . . 3 

Unio ... 1 

Gorbicula . 2 

Sphacriutii 1 

PiBidiuiii . . 1 


The Comoro Islands, — This isolated group possesses about 
too species, almost all of which are peculiar. The principal 
feature is the rich development of linnea (30 sp.) On the whole 
the group shows more relationship to Madagascar than to the 
mainland. Thus we have six species of true Cyclostoma, and 
only one Achatina, while among the fresh -water genera is 
Seytaria, which is characteristic of the whole Malagasy Sub- 
region, but is absent from the mainland. The Ilclicidae are all 
of iusigiiilicjant size, l^eculiar to the group is the remarkable 
genus Cyclosurus (Fig. 152, p. 247). 

(6) The Mascarene Frovince (Mauritius, Bourbon, Kodriguez, 
and the Seychelles). — Tluj percentage of peculiar species, which 
is very high, can only be paralleled in the case of some of the 
West Indian islands, and suiliciently attests the extreme isola- 
tion of the group from Madagascar. We have — 


Total M]). 

I.aiul s]i. Kp. 


Cuculiar to 
group. 

Ar.'iuritius . . 

113 

104 

9 

7H • 

102 (»0 i».c.) 

Buurboii . . 

45 

40 5 


38 (84 i>.e.) 

Kodriguez . 

23 

19 

4 

15 

21 (9.0 p-c.) 

Seychelles . . 

34 

27 

7 

24* 

30 (90 i>.c.) 

The MoUusca 

of the 

group exhibit 

tlirco 

distinct elementa, 


the Indigenous, the Madagascan, and the Indian and Austra- 
lasian. 

The genus Pacliystyla (Naiiinidae) is quite peculiar, forming 
the main portion of the land snails proper. It attains its maxi- 
mum in Mauritius (17 sjj.), with 5 sp. in Bourbon and one 
sub-fossil sp. in Eodriguez, while in the Seyclielles it is absent. 
But the principal feature of the Mascarene group is the extra- 
ordinary development of the carnivorous genus Oibbus, which has 
VOL. Ill z 
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27 ep. in Mauritius, 8 in Bourbon, 4 in Rodriguez; in the 
Seychelles it is replaced by EdentuliTia and Streptostele. The 

principal link witli Madagascar is 
found in a part of the operculate 
land fauna. Cyclostoma is present 
(with Otopoma) in several fine 
living forijis, and the number of 
sub-fossil species is a clear indi- 
cation that this group was, not 
long ago, luucli more u1)undaiit, 
for of the 16 Cydostoma known 
from Mauritius 10 are sub-fossil. 

225. -Char^tcristic Mauritian operculates form a deeiilf.1 

A', young of same ; B, ouhtba lyone- feature 6f the land faiiiia ; thus 
Pall. Mauritius there are 82 species, 

or inore than 28 per cent of the whole. 

Indian and Australasian affinities are unmistakably present. 
Thus Omphalotropis, a genus characteristic of small islands, is 
profiusely represented, but it does not occur in Madagascar or 
Africa. Two Hclicina (Mauritius and Seychelles) and a single 
Leptopoma (possibly a Leptopomoides) are also of eastern relation- 
ship. Cyclotopsis, Cyatliopomay and Geostilbia are markedl}^ 
Indian genera. Microcystis^ Patida, and Tornatdlina are l*oly- 
nesian. Ili/alimax — and this is a very striking fact — occurs 
nowhere else but in the Andamans and Ni(.*obars, and on the 
Aracjin coast. The nearest relation to the Seychelles ifai^iaella 
appears to be the Cingalese Tennentia. Not a single repre- 
sentative of these eleven genera has l)een found even in Mada- 
gascjir. 

The fresh - water Mollusca (omitting the Neritidae) are : 
Mauritius 9 species, Bourbon 5, Rodriguez 4, SeychellcaS 6, with 
only 15 species in all. The one Planorhis ami the Viviparay 
the Paludomus and two of the Melania are of Indian types. The 
Lantzia (peculiar to Bourbon) is probably allied to the Indian 
Camptonyx, Owing to the j>aucity of permanent streiims, no 
fresh-water bivalves occur. Among the Neritidae is a single 
Septwriay a genus which, though occurring in Madagascar, is 
entirely strange to Africa, and is abundant in the Oriental and 
Australasian regions. 

It^would seem probable that when the closer connexion which 

# 
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at one time undoubtedly existed between India and Eastern 
Africa began to be less continuous/ the Masc'arene group was 
first severed from what ultimately became Madagascar, while the 
Seychelles, and perhaps the Comoros, still continued united to it. 
The Comoros, which lack the great Helices, separated off from 
Madagascar first, while the Sej'chelles continued in more or leas 
dh’cct union with that island sufficiently long to I’cceive the pro- 
genitors of Stylodonta (a peculiar group of Helix), but became 
disunited at an excadingly remote period. 

E. The Nearctic Region 

The southern boundary of this region may lie regarded as 
roughly corresponding to that of the United States, i.e. Lower 
California and Mexico arc excluded. Tlie southern ^lortion of 
Florida belongs to the Antillean sub-region. 

The principal characteristic of the Nearctic Itcgion is tlie 
remarkable poverty of its land Mollusca. No district in the 
worhl of equal extent is so poor in genera, while those which 
occur are generally of small size, with scarcely anything re- 
markable either in colouring or form. The elongated land shells 
(Clnnsilia, Jiuliminus), so characteristic of EurojHf, are entirely 
wanting, but a few Jiulitnulus, of Neotropical origin, 2 )unetrate 
Texas, and from tlie same sourecs come a few species of (Uandina 
(as far north as S. Carolina), Holospira (Texas), and Helicina. 

The region falls into two well-marked sub-i’cgions, the N. 
American and the Californian, with the Ifoc'ky Mountain district 
as a sort of debatable ground between them. The Californian 
sub-region consists of the harrow strip of country between the 
Sierra Nevada, the Cascade Mountains and the coast-line, from 
San Diego to Alaska; the N. American sub-region consists of the 
remainder of the region. 

(1) The N. American Sub-region. — The carnivorous genera 
are represented solely by the few Qlandina mentioned above, 
and by the indigenous genus Selenifes, a form mid-way between 
'Tcstaeella and Limax, whose mctroixilis is on the Pacific slojic, 

^ It is by no means implied that nnhroken land communication between India 
and Madagascar, across the Indian Ocean, ever cxi.sted. A series of great islaudH, 
whose remains are attested by the Chsgos and other banks, would Ije quite sullicient 
to account for the results, as we find them. See especially Medlicott and Illanford, 
Geology of India, vol. i. p. Ixviii.- 
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but which spreads eastward into the Antilles. Among the 
Limacidae, Limax is common to both sub-regions, but Telenno- 
2)horus (4 sp., li of which belong to tlie genus Pallifera), a 
genus found also in China and Siam, and VitriTwzonites do not 
occur in the Californian. Hyctlinia {Zonites) is fairly abundant, 
especially in the groups Mesomphix and Giistrodonta (peculiar 
to this sub-region), and Ifyidinia proper. Patula is well re- 
presented. The Helicidae belong principally to the groups 
AlfeHodorhi SteMotrema, IViodopsis, Polt/gyrcty and Strohila, only 6 
<d' which, out of a total of 84, reach the Pacific slope. Dind 
operculates are conspicuous for their almost complete absence 
(sec Map, frontispiece). 

The poverty of the land fauna is atoned for by the extra- 
ordinary abundance and variety of the fresh-water genera. A 
family of operculates, the Pleuroceridae, with 1 0 genera and 




Fig. 226 . — Cliuracteristic 
North Ameriouu Mol- 
lusca. A, Helix (Me- 
sodon) palliata Say, 
Ohio. B, Helix (Poly- 
ityra) vereolus Miihlf., 
Texas, C, Pntnla al- 
temata Say, Tennessee. 


about 450 species, is <iuite peculiar, a few stragglers only reach- 
ing Central America and the Antilles. The nucleus of their 
distribution is the Upper Tennessee Piver with its branches, and 
the (Joosa Piver. They api)t*ar to dislifee the neighbourhood of 
the sea, and are never ftnind numerously within 100 miles 
of it. They adhere to stones in rapid water, and difler from th(‘> 
Melaniidae of the Old World aiul of 8. America in the absence 
of a fringe to the mantle and in Ixung oviparoius. Tliey do not 
occur north of tlie St. J^iwrence Rivei*, or north of U.S. 
territf»ry in the west, or in New England. Three-quarters of 
all the known species inhabit tlie rough square formed by the 
Tennessiic River, the Mississippi, the Chattahoochee River, and 
the Gulf of Mexico. The Mississippi is a formidable barrier to 
their extension, and a whole section {Try 2 )a'nostoma^ with the 
four genera /o, Plenrocem, Anyitrema, and Lithasia) docs not 
occur west of that river. The Viviparidae are also very largely 
developed, the genera Melanthoy Lioplax, and Tulotoma being 
peculiar. The L’ulmonata arc also abundant, while the richness 
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of the Unionidae may be gathered from the fact that Wetherby 
states^ that in 1874 no less than 832 species in all had been 
described. 

Tlie entire Mississippi basin is inhabited by a common 
assemblage of Unionidae, and a considerable number of tlie 
species are distributed over the wliole of this area, Texas, and 
parts of E. Mexico. Some species have spread out of tliis area 
into Michigan, Canada, the Eed Eiver, and IIudsoirH liiiy district, 
and even into streams in New York which drain into the 
Atlantic. An entirely diiferent set of forms occu])y the great 
majority of the rivers falling int<» the Atlantic, the A])palac]iian 
Mountains acting as an eifective barrier lu'twc'en tla^ two groups 
of species, which appear to mingle below the southern end of the 
range. In many cases Unionidae seem to have no (lilliculty in 
migrating from river to river, if the distance is not extreme ; 
tlH*y probably are carried across overflowed districts in time of 
flO()d.2 

(2) The Californian Sub-region is markedly distinct from 
the rest of N. America. The charactcTistic sombre Helices 
of tlie Eastern States are almost entirely 
wanting, and an*, replaced by Arurnta (20 
s]).), a larger and mon*. varied group, wliich 
may have some affinity to Uhim*sc^ forms. 

(JlyptoaUnna (I sp.) is also peculiar. Hele- 
nitrii here has its metropolis, ami Jurist i/omtf. 
is a remarkable group of small Hyalinm 
(Zonites), but the larger forms of the Eastern, 


States are wanting. Several remarkable 



Fin. 227.— mix (Ari- 


onta) JiddU 
Oregon. 


Gray, 


There are no 


and quite peculiar forms of slug <X5(iur, 
namely, Ariolimax (whose nearest relation is 
Arion), Prophysaon, Hemphillia, and Phvnrya, 
land ojjerculatcs. 

Not more than lo to 20 species of the Pleuroceridue (sei't. 
Goniohasis) occur west of the Ibxjky Mountains, and only a single 
f/nio, 5 Anodonta^ and 1 Maryaritana, which is common to 
New England. Pompliolyx is a very remarkable ultru-dextral 
form of Limnaea, apparently akin to the Choanomphalm of 


^ Joum. Cine. Soe. Nat. Hist. iii. p. 317. The number ie doubtless susceptible 
of very considerable reduction, say by onc-half at least. 

? Simpson, Amer. N<U. xxvii. 1893, p. 354. 
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L. Baikal. Bithynia, absent from the Eastern States, is repre- 
sented by two species. The general indications are in favour of 
the Californian fauna having migrated from an Old World source 
after the upheaval of the Sierras ; the American fauna, on the 
other hand, is purely indigenous, with no recent Old World 
influence at all. 


Land Mollusca of the Nearctic Region 


Glandina . . 4 

Selenites . . 6 

Limax ... 4 

Vitrina . . 4 

Vitrinozoriitos 1 
Mcsomphix . 15 
Ilyalinia . .22 

Coniilus . . 1 

Gastrodoiita . 9 


Pristiloma . 2 

Tcbennophonis 4 
Arioliina.Y . 6 

Propliysaoii . 2 

Ilemphillia . 1 

Biiineya . 1 

Patula . .18 

Punctiini . 2 

Arionta . . 20 

Helicina 


Praticola . 2 

Glyptostonia 1 
Mesodon . 27 
Stenotreina . 1 1 
TritMlopsis . 2 1 
Polyf^yra . 23 
Polygyrella . 2 

Goiiositoina . I 
Vail on ia . . 1 

. . 2 


Strobila . . 2 

Pupa . . .18 

Vertigo . 8 

llolospira 2 

Cionella . 1 

Biilimulns . 0 

Macroceraiims 1 
Succinea . .21 

Vagin ulus . . 1 


F. The Neotropical Region 


The land Mollusca of the Neotropical Begion stand in com- 
plete contrast to those of the Nearctic. Instead of being scanty, 
they are exceedingly abundant ; instead of being small and 
ol)scure, they are among the largest in size, most brilliant in 
colour, and most singular in shape that are known to exist. At 
the same time they uro, as a whole, isolated in type, and exhibit 
but little relation with the Mollusca of any other region. 

The most marked feature is the predominance of the peculiar 
genera Bulimus and Bulimidus, the centre of whose develop- 
ment appears to lie in Peru, Ecuador, and Bolivia, but which 
diminish, both in numbers and variety of form, in the eastern 
portion of the region. In the forests of Central America, 
Venezuela, and Ecuador, and, to a lesser degree, in those of Peru 
and Brazil, occurs the genus OrthalicuSy whose tree-climbing 
habits recall the Cochlostyla of the Philippines. These three 
groups of bulimoid forms constitute, as far as the mainland is 
concerned, the preponderating mass of the land Mollusca. Helix 
proper is most strongly developed in the Greater Antilles, which 
possess several peculiar groups of great beauty. In Central 
America Helix is comparatively scarce, but in the northern 
portions of the continent several fine genera (jLahyrinthus, 
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Isonieria, Solaropsis) occur, which disappear altogether towards 
tlie south. 

Carnivorous land Mollusca are, so far as Central America is 
concerned, more highly developed than in any other quarter of 
the world, particularly in the genera Glandina and Strej)tostyln, 
Tliese genera also penetrate the northern portions of the con- 
tinent, Glandina reaching as far as Ecuador, and Streptostyla as 
far as Peru. The Greater Antilles liave also characteristic forms 
ol’ these genera. Stvfptaxis is toltuiibly abundant all over 
tropical South America, and is the one pulmonate genus which 
shows any affinity with the African fauna. 

The slugs are exceedingly scarce. Vaginula occurs through- 
out, and is tlie only genus in any sense characteristic. 

Clatfsllia, in the sub-genus Nenia, occurs along the Andean 
chain fi-om the extreme north (but 
not in Central America) as far south 
as Polivia. It has in all prol)ability IP' /I 

made its way into 8. America in 
exceedingly remote ages from its head- 
<|uarters in Eastcu-n Asia. No species 
survives in N. Anieri(!a, and a single 
straggler is found in INjrto Eico. The „ 

f. t 11 Fid. 228. — HinnalonyxungmsVfir., 

genera Mmroceramm, Cylindrellay and Demerara. «/t, siieii (hIiowh 

atrophia, are characteristic West separate); imlmouary 

f ' . orifice, 

Indian forms, which are only slightly 

represented on the mainland. Honialonyx, a curious form akin 
to Hn.cchmiy is peculiar to the region. 

Lfind operculates attain a most extraordinary development in 
the Greater Antilles, and constitute, in some cases, nearly one- 
half of the whole Molluscan fauna. Several groups of the 
Cyclostomatidae find their headquarters here, and some spread 
no fiirther. On the mainland this prominence does not continue. 
West Indian influence is felt in Central Ameriwi and on the 
northern coast district, and some Antillean genera make their 
way as far as Ecuador. The whole group entirely disappears in 
Chili and Argentina, becoming scarce even in Prazil. 

Among the fresh-water operculates, Ampullaria is abundant, 
and widely distributed. Vivipara, so characteristic of N. 
America, is entirely absent. Chilina, a remarkable fresh-water 
pulmonate, akin to Limnaca, is peculiar to Chili, l^atagonia, and 


Fiii.228 . — Umnalonyx nnyuis Per., 
Deinerara. shf Sliell (nIiowii 
also separate); pulinouary 
orifice. 
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Southern Brazil^ but is not found in the tropical portion of the 
continent. Of the fresh-water Pelecypoda Myeetopua, Hyria, 
Caatalia, Le/Ua, and MiMeria are peculiar forms, akin to the 
IJnionidae. 

(1) The Antillean Sub-region surpasses all other districts in 
the M^orld in respect of (1) extraordinary abundance of species, 
(2) sharp definition of limits as a whole, (3) extreme localisation 
of the fauna of the separate islands. The sub-region includes the 
whole of the half-circle of islands from the Bahamas to Grenada, 
together with the extreme southern end of the peninsula of 
Florida, which was once, no doubt, a number of small islands like 
the Bahamas. Trinidad, and probably Tobago, although contain- 
ing an Antillean element, belong to the mainland of S. America, 
from which they are only separated by very shallow water. 

The sub-region appears to fall into fom* provinecs : — 

(o) Cuba, the Bahamas, and S. Florida; (&) Jamaica; (c) 
San Domingo (Haiti), Porto llico, and the Virgin Is., with the 
Anguilla and St. Bartholomew group; (d) the islands from 
Guadeloupe to Grenada. The first three provinces contain the 
mass of the characteristic Antillean tauua, the primary feature 
l)eing the extraordinary development of the land operculates, 
which here reaches a point unsurpassed in any other quarter 
of the globe. The relative numbers are as follow : — 

Cuba. Jamaica. San Domingo. Porto Rico. 

Inoperculate . 362 221 ir)2 . 75 

Operculate . . 2.52 242 100 23 

It appears, then, that the proportion of operculate to inoper- 
culate species, while very high in Cuba (about 41 per cent of the 
whole), reaches its maximum in Jamaica (where the operculates 
are actually in a majority), begins to decline in San Domingo 
■ (about 40 per cent), and continues to do so in Porto Rico, where 
they are not more than 24 per cent of the whole. These oper- 
culates almost all belong to the families Cyclostomatidae and 
Helicinidae, only two ' genera {Aperostoma and MegedoTnastoma) 
belonging to the Cyclophorua group. Comparatively few genera 
are absolutely peculiar to thie islands, one or two species of most 
of them occurring in Central or S. America, but of the several 
hundreds of operculate species which occur on the islands, not 
two score are common to the mainland. 
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The next special feature of the sub-region is a remarkable 
development of peculiar sub-genera of Helix, In this respect 
the Antilles present a striking contrast to both Central and S. 
America, where the prime feature of the land Pulrnonata is the 
profusion of Bulimus and Bvlimvlus, and Helix is relatively 
obscured. No less than 14 sub-genera of Helix, some of whicli 
contain species of almost unique beauty and size, are quite 
peculiar to the Greater Antilles, and some are peculiar to in- 
dividual islands. 

Here, too, is the metropolis of Cylindrella (of which there are 
130 species in Cuba alone), a genus which just reaches S. America, 
and has a few species along the eastern sea-board of the Gulf of 
Mexico. Macroceramus and Strophia are quite peculiar; the 
former, a genus allied to Cylindrella, which attains its iiiaxiiiiuin 
in Cuba and San Domingo, is scarcely represented in Jamaica, 
and disappears south of Anguilla; the latter, a singular form, 
resembling a large Pupa in shape, which also attains its maxi- 
mum in Cuba, is entirely wanting in Jamaica, and has its last 
representative in S. Croix. One spe(!ies irregularly occurs at 
Curasao. 

The carnivorous group of land Mollusca are represented by 
several peculiar forms of Glandina, which attain their maximum 
in Jamaica and Cuba, but entirely disappear in the Lesser 
Antilles. 

A certain number of the characteristic N. American genera 
are found in the Antillean Sub-region, indicating a former con- 
nexion, more or less intimate, between the W. Indies and the 
mainland. The genera are all of small size. The characteristic 
N. American Hyalinia are represented in Cuba, San Domingo, 
and Porto Rico ; among the Helicidae, Polygyra reaches Cuba, but 
no farther, and Strohila Jamaica. The fresh-water Pulrnonata arc 
of a N. American type, as far as the Greater Antilles are con- 
cerned, but the occurrence of Gundlachia (Tasmania and Trinidad 
only) in Cuba is an unexplained problem at present. Unionidae 
significantly occur only at the two ends of the chain of islands, 
not reaching farther than Cuba {Unio 3 sp.) at one end, and 
Trinidad (which is S. American) at the other. 

A small amount of S. American infiuence is perceptible 
throughout the Antilles, chiefly in the occurrence of a few species 
of Bvlimulus and SimptUopsis. The S. American element may 



346 


CUBA 


CHAP. 


have strayed into the sub-region by three distinct routes: (1) 
by way of Trinidad, Tobago, and the islands northward ; (2) by 
a north-easterly extension of Honduras towards Jamaica, forming 
a series of islands of which the Eosalind and Pedro banks are 
perhaps the remains; (3) by a similar approximation of the 
peninsula of Yucatan and tlie western extremity of Cuba. 
Central America is essentially S. American in its fauna, and the 
characteristic genera of Antillean operculates which (X5cur on its 
eastern coasts are sufficient evidence of the previous existence of 
a land connexion more or less intimate (see map). 

(^) Cuba is by far the richest of the Antilles in land Mollusca, 
but it must be remembered that it is also much better explored 
than San Domingo, the only island likely to rival it in y)oint of 
numbers. It contains in all 658 species, of which 620 are land 
and 38 fresh- water, the land opercidates alone amounting to 252. 

Carnivorous genera form but a small proportion of the whole. 
There are 18 Glanclina (which belong to the sections Varicella 
and Boltenia) and 4 Streptostyla, the occurrence of this latter 
genus being peculiar to Cuba and Haiti (1 sp.) among the 
Antilles, and associating them closely with the mainland of 
Central America, where Streytostyla is abundant. These two 
genera alone represent the Agnatha throughout the sub-region. 

There are no less than 84 species of Helix, belonging to 12 
sub-genera. Only one of these {Polymita) is quite peculiar to 
Cuba, but of 7 known species of Jeanerettia and 8 of Coryda, 6 and 
7 respectively are Cuban. Thelidoinus has 15 species (Jamaica 
3, I’orto Kico 3) ; Polydontes has 3, the only other being from 
Porto Rico; Hemitrochns ha^ 12 (Jamaica 1, Bahamas 6); Cysti- 
copsis 9 (Jamaica 6); Eurycampta 4 (Bahamas 1). 

The Cylindrellidae find their maximum development in Cuba. 
As many as 34 Macroceramus occur (two-thirds of the known 
species), and 130 Cyliiidrella, some of the latter being most 
remarkable in form (see Fig. 151, B, p. 247). 

The land operculates belong principally to the families 
Cyclostomatidae and Heliciiiidae. Of the former, Cuba is the 
metropolis of Ctenopoma and Chondropoma, the former of which 
includes 30 Cuban species, as compared with 1 from San 
Domingo and 2 from Jamaica. Megalomastorna (Cyclophoridae) 
is also Haitian and Porto Rican, but not Jamaican. Blaesospira, 
Xenopoma, and Diplopoma are peculiar. The Heliciiiidae con- 
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sist miiinly of Heliciim proper (58 sp.), which liere attains hy 
far its finest development in point of size and beauty, and of 
Eidrocliatdla (21 ap.), which is peculiar to tlie three great islands 
(flaniaica 6 sp., San Domingo 0 ap.) 

The Bahamas, consisting in all of more than 700 islands, arc 
very imperfectly known, but appear to be related partly to Cuba, 
partly t(.> San llomingo, from each of which they are separated 
by a narrow channel of very deep water. Tliey are certainly 
nf>t rich in the characteristic groups of the Greater Antilles. 
The |)rincipfil forma of Helix are Platjioptycha (6 sp.), common 
with San Domingo, and Hemitrochus (G sp.), coniiiion with Cuba. 


Fill. 229. — Characteristic 
Cuhau Helices. A, /W//- 
ilontes imperator Montf. 
B, (Mrarolm roslrutd, 
Pir. C, Poli/mUa mun- 
caruui Lea. 


Strophia is exceedingly abundant, but Cylindrrlla, Maeroceranms, 
and Glamdina have i)ut few species. Tliere are a few 8})ecies of 
Ctenopoma, Chondropovia, and Cistula, while a single Bekasieheila 
(absent from the rest of the sub-region) forms a link with 
Mexico. 

Southern Florida, with one or two species each of Hemitrochus, 
Cylindrella, Majcroeeramus, Strophia, Cteiiopoma, and Ghondropoma, 
belongs to this province. 

(&) Jamaica. — The land Mollusca of Jamaica are, in point of 
numbers and variety, quite unequalled in the world. There are 
in all as many as 56 genera and more than 440 species, the 
latter being nearly all peculiar. The principal features are the 
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Glandinae, the Helicidae, and the land operculates. The Glan- 
dinae belong principally to the sub-genera Varicella, Melia, and 
Volutaxis, Streptostyla being absent, although occurring in (Juba 
and San Domingo. There are 10 genera of Helix, of which 
Pleurodonta is cpiite peculiar, while Sagda (lo sp.) is common 
only with S.W. San Domingo (2 sp.), and Leptoloma (8 sp.) only 
with Cuba (1 sp.) The single Strohila seems to be a straggler 
Irom a N. Americ^in source. Macroceramus has oiilj’’ 2 species as 
against 34 in Cul)a, and of Cylindrella, in wliicli Cuba (130 sp.) 
is so rich, only 36 species (Xjcur. The genus Leia, however (14 
sp.), is all but peculiar, occurring elsewhere only in the neighbour- 
ing angle of San Domingo, which is so closely allied with Jamaica. 
The complete aliserice of Strophia is remarkable. 


Fi(*. 230. — Characteristic Jamai- 
can and Haitian Molliisca ; 
A, Stitjda epistylivm Miill., 
Jamaica ; B, Chondropoma 
Milleanum Pfr., San Dominpco ; 
C, Kuiroclmtdla Tankemllei 
Gray, Jamaica ; D, Cylin- 
dvella ayrt£siana C. B. Ad., 
Jamaica. 


The land operculates form the bulk of the laud fauna, there 
being actually 242 species, as against 221 of land Ihilmouata, a 
proportion never again approached Jn any part of the world. 
As many as 80 of these belong to the curious little genus jSloa- 
stoma, which is all but peculiar to the island, one species having 
been found in San Domingo, and one in l^orto Eico. Geomelania 
and Chittya,Wo singular inland forms akin to Trun€atella,o.vQi quite 
peculiar. Alcadia reaches its maximum of 14 species, as against 
4 species in San Domingo and 9 species in Cuba, and Lueidella 
is common to San Domingo only; but, if Stoastoma be omitted, 
the Helicinidae generally are not represented by so many or by 
so striking forms as in Cuba, which has 90 species, as against 
Jamaica 44, and San Domingo 35. 
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(c) San Domingo, although not characterised by the extra- 
ordinary richness of Cuba and Jamaica, possesses many specially 
remarkable forms of land MoUusca, to which a thorough explora- 
tion, when circumstances permit, will no doubt make important 
additions. From its geographical position, impinging as it does 
on all the islands of the Greater Antilles, it would be expected 
that the fauna of San Domingo would not exhibit equal signs of 
isolation, but would appear to be influenced by them severally. 
This is exactly what occurs, and San Domingo is consequently, 
although very rich in peculiar species, not equally so in peculiar 
genera. The south-west district shows distinct relations with 
Jamaica, the Jamaican genera £eia, Stoadoma, Zmidella, and the 
Tliaumasia section of Cylindrella occurring here only. The 
north and north-west districts are related to Cuba, while tlie 
central district, consisting of the long band of mountainous 
country which traverses the island, contains the more char- 
acteristic Haitian forms. 

The Helicid® are the most noteworthy of the San Domingo 
laud MoUusca. The group JSurycratera, which contains some 
of the finest existing land snails, is quite peculiar,, while Par- 
thena, Cepolis. Plagioptyeha, and Caracolus here reach their 
maximum. The CylindreUidae are very abundant, but no 
section is peculiar. Laud operculates do not bear quite the same 
proportion to the Pulinonata as in Cuba and Jamaica, but tliey 
are well represented (100 to 152); Itolleia is the only peculiar 
genus. 

The relations of San Domingo to the neighbouring islands 
are considerably obscured by the fact that they are well known, 
while San Domingo is comparatively little explored. To this 
may perhaps be due the curious fact that there are actually more 
species common to Cuba and Porto Eico (26) than to Porto Bico 
and San Domingo. Cuba shares with San Domingo its small- 
sized Caraeolua and also lAguus, but the great Durycratera, Par- 
thena, and Plagioptyeha are whoUy wanting in Cuba. The land 
operculates are partly related to Cuba, partly to Jamaica, thus 
Choanopoma, Ctenopoma, Cistida, Tvdora, and many others, are 
represented on all these i^nds, while the Jamaican Stoadoma 
occurs on San Domingo and Porto Bico, but not on Cuba, and 
Lucfiddla is common to San Domingo and Jamaica alone. An 
especial link between Jamaica and San Domingo is the occurrence 
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ill the south-west district of the latter island of Scifjda (2 sp.). 
The relative numbers of tlie genera Strophia, Maeroceramns, and 
Ileiiciiuiy as given below (p. 351), arc of interest in this con- 
nexion. 

Porto Rico, witli Vi6que, is practically a iragment of San 
Ilomingo. The points of close relationship are the occurrence of 
CaracoluSy GejJoHs, and Parthena among the llelicidae, and of Siin~ 
pulopsiSyPse/udobdlea, and Stoastoma. Cylindrella and Matmweritnius 
are but poorly represented, but Strophia still occurs. The land 


Fifi. 231 . — Exjiiiiples of \Vi*sf. 
Indian Helices : A, Jhlix 
{/^(trihma) anfjuhtfa Fit. 
l^orto Rico ; B, Helix ( The 
lidomus) lima Fcr., Vicqiie 
C, Helix [lienteUarin) nu. 
denticAdata Cheiu., Alartin 
iqiio. 


operculates (see the Table) show ecpial signs of nnnoval from the 
headquarters of development, Megalomastomd, however, has some 
striking forms. The sippearanct^ of a single ClausiUa, whose 
nearest relations are in the northern Andes, is vmy remarkable. 
Gacolis, which is allied to PcUcUa (Ecuador only), is peculiar. 
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Land Mollusca of the Greater Antilles, 
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The Virgin Is., witli St. Croix, Anguilla, ainl tlie St. Bar- 


tholomow group (all of which are non-volcanio islainls), aro 
related to Porto Pico, while Oiiaddoupe and all the islands to tlui 
south, up to Grenada (all of which are volcanic), show marked 
traces of S. American influence. St. Kitt’s, Antigua, and 
Montserrat may be regarded as intermediatci between the two 
groups. St. Thomas, St. John, and Tortola have; each one 
Plafjioptycha and one Thelidomus, while St. Croix has two sub- 
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fossil Carctfiolua which are now living in Porto Bico, together with 
one TlagioptycKa and one Thdi&omm (sub-fossil). The gradual 
disappearance of some of the characteristic greater Antillean 
forms, and the appearance of S. American forms in the Lesser 
Antilles, is shown by the following table : — 
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(<i) In Guadeloupe we find CyclopJwrus, Amphihulinius, Ilomal- 
onyx, and FelliciUa, which are characteristic of S. America, and 
nearly all recur in Dominica and Martinique. These islands are 
the metropolis of Dentellaria, a group of Selix, evidently related to 
some of the forms developed in the Greater AntiUos. Stragglers 
occur as far north as St. Xitt’s and Antigua, and there are several 
on the mainland as far south as Cayenne. Traces of the great 
Bvlimus, so characteristic of S. America, occiu: as far north as S. 
Lucia, where also is found a Parthena (San Domingo and 
Porto Eico). Trinidad is markedly S. American; 65 species in 
all are known, of which 22 are peculiar,. 28 are common to S. 
America (8 of these reach no farther north along the islands), 
and only 5 are common to the Antilles, but not to S. America. 
The occurrence of Gundtoushia in Trinidad has already been 
mentioned. 

The Bermudas show no very marked relationship either to 
the N. American or to the West Indian fauna. In common 
with the former they possess a Polygyra, with the latter (intro- 
duced species being excluded) one species each of Hyalosagda, 
Suhdina, Vaginula, and Selicina, so that, on the whole, they 
may be called West Indian. The only peculiar group is Poeeilo- 
zonites, a rather large and depressed shell of the Hyotlinia type. 
(2) The Central American Snb-region may be regarded as 
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extending from the political boundary of Mexico in the north 
to the isthmus of Panama in the south. It thus impinges on 
three important districts — the N. American, West Indian, and S. 
American ; and it appears, as we should perhaps expect, tliat the 
two latter of these regions have considerably more influence 
upon its fauna than the former. Of the N. American Helicidae, 
Polyinyra is al)undant in Mexico only, and two species of Strobifa 
reach N. Guatemala, while the Californian Arionta occurs in 
Mexico. S. American Helicidae, in the sub-genera JSolaroj^Ms 
and Ijahyriutkus, occur no fartlier north than Costa Rica. Not 
a single representative of any of the characteristic West Indian 
Helicidae occurs. Bulimulns and Otoskmius, wliich form so largi5 
a proportion of tlie Mollusca of Venezuela, Colombia, Ecuador, and 
Peru, together with Orthaliens, .are abundant all over the regi<3ii. 
Again, Cylmdrella, MacroceramtiH, and some of the characteristic 
Antillean operculates, are represented, their occurrence being in 
most cases limiteid to the eastern coast-line and eastern slope, of 
the central range. 

Resides these external elements, the region is rich in indigemous 
genera. Central America is remarkable 
for an immense number of large carni- 
vorous Mollusca possessing shells. Tlierc 
are 49 species of Glandinitr, the bulk ol‘ 
which occur in eastern and Kouthern 
Mexico; 36 of Stre/ptostyla (S.E. Mexico 
and Guatemala, only 1 species re.aching 
Venezuela and another Peru) ; 5 of Bnhi- 
siella, 2 of Pet ejiia, ami 1 of Sirebelia ; the 
last three genera being peculiar. Btrept- 
axi^y fairly common in S. America, (h)cs 
not occur. Velifera and Cryjdostrarjm, 
two remarkable slug-liko forms, ejich with 
a single species, are peculiar to Costa Rica. 

Among the especial peculiarities of the 
region are the giant forms belonging to the 
Cylindrellidae, which are known as Holo- 
spira, Emcdodiuniy and Coelocentruvi (Fig. 

232). They are almost entirely jjeculiar 
to Mexico, only 7 out of a total of 33 reaching south of that 
district, and only 1 not occurring in it at all. 

VOL III . 2 A 



Fio. 232. — £xaiii))les of 
characteristic Mexican 
Mollusca : A, Coeloreyi- 
trum turria Pfr. ; B, 
Streptoatyla JJdailrel 
Pfr. 
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The land operculates are but scanty. Tomocyclus and Amphi- 
cyclotus are peculiar, and Schasicheila, a form of Helicina, occurs 
elsewhere only in the Bahamas. Ceres (see Fig. 18, C, p. 21) and 
Proserpinella, two remarkable forms of non-operculate Jlelicinidae 
(compare the Chinese Ileudeia), are quite peculiar. Pacliychilus, 
one of the characteristic fresh-water genera, belongs to the S. 
American (Melaniidae) type, not to the K American (Pleuro- 
ceridae). Among the fresh-water Pulmonata, the Aplecta are 
remarkable for their great size and beauty. In the accompany- 
ing table “ Mexico ” is to be taken as including the region from 
the United States border up to and including the isthmus of 
Tehuantepec, and “ Central America ” as the whole region soutli 
of that point. 

Laiid Mollusca of Central America 
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Hyalinia 


2 

5 

3 

Macroceraiiius 


2 

1 


Guppya 

l^seiiuohyalina 


2 

8 


Siinpu1op.si.s . 
Caecilianclla . 


2 

1 

1 


Tebennophorus 


1 

... 


0])eas . 


1 

”2 

*3 

Cryptostracoii 



1 


Spiraxis 


8 

2 

1 

Xanthoiiyx . 
Patula . 


4 

3 


*4 

Leptinaria 

Sulmlina 


2 

2 

3 

”4 

Acanthinula . 


1 

2 

2 

Succinea 


11 

3 

1 

Vallonia 


... 

1 


Vaginiila 


1 

... 


'I’richodisciis . 


2 

2 

3 

Aperostoina . 



4 

1 

Praticolclla . 


1 


1 

Amphieyelotiis 


2 

1 

2 

Arionta 


3 


... 

Cystopoma . 


2 

... 

... 

Lysinoe 


1 

1 

1 

Tomocyclus . 



1 

2 

Oxycliona 


2 

.5 

... 

Choauopomn . 


"2 

2 


SolaropsiH 


... 

2 

... 

Chondroporaa 


2 

11 




14 

1 

2 

Helicina 


13 

10 

*6 

Strobila 


1 

1 


Schasiclieila . 


2 


1 

Labyrinthus . 


. . . 

5 


Geres . 


2 



OtoHtomus . 


23 

20 

”7 

Proserpinella 


1 

... 

... 

Bulimulus 


6 

5 

2 






(3) The Colombian Sub-region includes Colombia, New 
Grenada, Venezuela, Guiana, Ecuador, Peru, and Bolivia. It has 
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been usual to se})arate off the two latter countries as forming a dis- 
tinct “reruviaii” sub-region; but there is, as will be seen, absolutely 
no line to be drawn between the Mollusca of Peru and those of 
Ecuador; nor would one, on geographical considerations, ex j)ect 
to ha aide to draw sucli a line. A better method of subdivision, 
so far as the species of the whole eastern ])ortion of the region 
are concerned, would be to group the Mollusca according to tlie 
altitude at which they octmr, were it not that the evidenc«i on 
tin's point is at present but fragmentary. AVe know, however, 
that all along tlie line of the Andes certain si)ecies, more i)arti- 
cularly of' Bidimuhis, occupy their own zones of elevation, some, 
ascendintr as high as 10,000 feet above the sea, and never occur- 
ring on the plains. 

In tlui north(U*n portions of this sub-region, Central American 
and West Indian influence is felt to a certain extent. Thus there 



arc eight Glandina and one 8trej)tuslyla in Venezuida and Colombia 
togethc^r with one or two species of Vistula, Chondroj^oma, Pro- 
serjnna, and Cyliiulrella, while a single Htroylda (decidedly a 
straggler) occurs at Curaijao. In iJenieiara and C.'ayenne there 
are three or four sj)ecie8 of Dcntdlaria. In Ecuador, however, 
Glandina diminishes to three species, and in Peru disappears 
altogether, although one Streptostyla occurs. Similarly the West 
Indian operculates are reduced to one Chondropoina (Ecuador), 
and. disappear entirely in Peru. 
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The Helieidae ai‘c most abiindaut in tlie north and west, and 
are represented by several very striking sub-genera, some of whicli 
possess remarkably toothed apertures, and perhaps betray an 
ancestry common to some of the West Indian genera. Of these, 
Tj(d)yrintli/us has 12 species in Venezuela and Colombia, 5 in 
Ecuador, and o in Peru and Bolivia; Isomeria 12 in Venezuela 
and (Jfdombia, 20 in Ecuador, and 2 in Peru and Bolivia ; 
Solffrojms is represented in these countries by G, .‘1, and 7 species, 
and Sifstnyphia l)y 4, G, and 8 species respectively. 

Clausilia — in the group JVimia- appears in some numbers 
along the Andes chain, the only other re])rcsentative in the New. 
AV(»rld being tlie solitary s])ecies occurring at lV)rto Eico. Then^ 
have IxHMi descriljed, Irom Venezuela and (>olombia 10 species, 
IVom Eciuidor 5, and from Peru and Ikdivia 12. 

Another marked feature of the region is tlie occurrence of the 
Orthalicidae, in the two genera and Porphyrohaphe, 

The latter of these magnilicent forms is peculiar, while, the 
former reaches Mexico, the AVest Indies, and Brazil. Ecuadoi*, 
which contains 28 species, seems the metropolis of the 
group. 

Ihiiimus Slid Pul/umilvs, the former genus being jicculiar to 
S. America and the ailjacent isbnids, are largely 
reinesented, the former in the, three groups 
Poms, Dryptas, and Orphmis, These attnin 
their maximum in Peru, with 25 species, but 
Wmezuela and Colombia have as many as 17. 
PuUmvins has been sul>divided into a number 
of groups, c.g. Pryviams, Mesemhrinus, Thau- 
mast as, Mormus, Pcuialus, witli many others, 
— the exact scientilic limits of which ai e not 
easily discernible. It must suliice here to 
state that l*eru seems to be the head-quarters 
of the grouj) with about 190 species (which 
])robably may well be reduced), Ecuador having 
about 70, and A^enezuela and Colombia between 
80 and 90. 

Two very remarkable forms belonging to the 
Pupidae, Anostoma (Fig. 154,]). 248) and Toini- 
ye-ms, occur in A'^enezuela,the metropolis, lihodea, 
another very peculiar shell (Fig. 234), whose exact family position 



Fio. 234. - Rhndea 
gitjantea Moiiss., 
New Grenada. 
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is uncertain, is peculiar to New Grenada. The land operculutes 
are few in number, and in Bolivia almost disappear. They 
belong principally to Neocyclotus (of which 11 species occur in 
Venezuela and Colombia) and HcMcina (10 species in tlie same 
district), besides the stragglers already mentioned frojn West 
Indian sources, and a few Oyclophorus. Jhurcieria is a form of 
Helicina peculiar to Eiuiador. AmpullarUiy with CcratocUsy a 
peculiar planorbiform sub - genus, and Hemisinvs, form tlie 
bulk of the fresh-water oi)erculates. 

The Galapagos, — Thirty-four species ot* land Mollnsca, all 
peculiar, are known from these islands; 25 of these are forms 
of Bulimulus, There are no Ilelicidae, one each of llyalinia, 
Leptinaruiy and Helicinay and two Pupa, The liulimulus ai(i 
mostly of the group Nesiotis, and in their brown colour bear 
some outward resemblance to the dark Achatinclla of the Sand- 
wich Is., living as they do mostly under scoriae on the ground, 
and not on trees. In type, however, they appear to be derived 
from Chili and Peru, rather tlian from the parts of S. America 
immediately ijontiguovis. Another section {Pienropyrgus 2 sp.) 
closely resembles a marine Chemnitzia, The islands are all 
volcanic, and are probably not the result of subsidence ; thus the 
existing species are not to be regard(;d as the relics of a more 
widespread fauna, but as a new set of inhabitants. 

(4) The Brazilian Sub-region. — This innnense district is very 
little known, except in the south, and it is consequently im- 
]jossible to give any satisfai^tory account of its Mollusi'a.. It is 
possible that eventually it will be found that it falls into 
provinces which correspond more or less to (a) tlic Amazon basin ; 
(6) the mountainous district in the east, drained by the. Tocantins 
and the San Francisi'.o; (c) the Parana basin' in the south central 
district ; and {d) tlui Argentine or Pampas district in the extreme 
south. But at present the data are insullicient to establish any 
such subdivisions, whose existence, if pioved, wf)uld have an 
important bearing on the juoblem of tlie coalescence, of S. 
America into its present form.^ 

The Agnatha are representifd by Streptaxis alone (17 sp.). lldix 
is rare, but includes the peculiar Polygyratia (Fig. 150, A, p. 246), 
while Lahyrinthvs (2 sp.), Solaro'psis (5 sp.), and Systrophia are 

* CoTiiparevon Martens, Maldk, Blalt, 1868, p. 169 ; von Ihering, Nfichr. Deutsche 
Malak. GeselL 1891, p. 93. 
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common with the (Jolomljian snb-regioii, and Oxychona (4 sp.) 

with the Central American. BuHmvs has 
in all oG species, the snb-genera PdchyolKS 
(Fig. 23o) and Sf/ropkoc kilns being peculiar. 
Biflim tdits, though not so abundant as in Peru 
and Kcuador, lias about GO species, of which 
Fid. 235. — Jinlirndvit ^^oxiruht (Fig. 235) is the most remarkable 

{^yrwnln) narlcida group. Mn/ttspira is peculiar. OHhalwus has 

Wiigii., Brazil. i ^ • i -i m • / .i n i 

only 4 s])eeies, while TomiyeruH (4 s]).) and 
Anosloma (3 sj).) are common with Vene;^uela. Ijand ojiercu- 
latos are s(;ai-ee, ami appear to include only Xeoajdotus, Oyc/o- 
jfhorffSj and IfelicinfL 

In Argentina, which may proba]>Iy rank as a sejuirate jiro- 
vince, the tropicral forms greatly decn^ase, 

Strtptaxis being retluced to 2 species, and 
Bii/untfs and Bnliinnlus together to 40, whil(»- 
Orthalivus, the grea.t Helices, and the land 
operculat(‘s disapi»ear alt(»gether. (hloato- 
stoinns (Fig. 23 G), a genus of tlie Pupidae, is 
abundant in the northern part of the province*. 

1'wo or thn*e s])e(?ies of (Jhilinn occur. 

(5) The Chilian Sub-region. — The greater 
])art of Chili, from its ai*i<l and rainless climatti, is *''*^’* , 

* . .11 .dtnmts 

unhiA'oural)l(^ to tlie< existmicc oi land IVIolluscn. Hhms Moric;.,’ s. 
/>/////a//.s’(7>e/*//.s’)still lias 3 or 4 species, and Hnizil. x L 

mvlus (^riertostyJvs 11, Brnlalvs 9, Bvronarns 7) is faii’ly abundant, 
but tlie profusion of the tropics is wanting. There are no car- 
nivorous genera, and only two land o[>erculates. A remarkable 
foi’in of Jlelix (J\Iia‘rovyrliH, Fig. 237) is (piite peculiar, but tla; 
majority of the species belong to two rather obscure groups, 
t^tepstaioda and Amphidoxa. ChUina^ a singularly solid i’orin of 
Liiniiffca (of wdiich 8 sp., with a sub-genus Bsrudoehlllna.ainiwv in 
(3iili), is peculiar to Chili, S. Brazil, and Patagonia. From the 
two islands of Jmni Fernandez and Masafnera, are known several 
.Helix, of Chilian adinity, several curious Bneeinea, a Ifomalonyx, 
Leptinarm, and Koflrns, and tlu'ee species of T(yrntffeUina, with 
the almost universal Limax yagates. 

The (question of the existence at some remote period of a 
Neaiitarctic continent, which formed a communication lietwcen 
the three great southern ])eninsuliis of the world, is one on 
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which the Mollusca may offer evklcnco. Von Iheviny holds that 
ail essential dillereiige can he observed between certain of the 
Unionidae which inhabit S. America, Africa, and Australia wdth 
Now Zealand, and those wliich inhabit Enrnpt*, Asia., and N. 
Ameriita, but the point can hardly be reL»arded as definitely 
estalJished at i»resent. Somethin*^ ])erhaps may be made <»f the 
distrilmtiou of JJidi/nv.s and Bidimidvs^. It seems diilieult to 
exj)Iain tlie occurrence of sub-fossil Jlulinnfii on St. ITeh'na. ex(*(*pt 
on sonu^ such lines as have been recently adduceil tt) ai'count for 
the presence of struthious l»irds in tlie ^lascarenes, and iK>ssibly 
the form TArinhaven- may 1m* a trace of the same element in S. 
Africa. Aj^ain, the. of S. a.nd W. Australia., with the 

(fan/adr.^ of Tasmania, and the Leurotaenin and Vhindnr of 
Mada^asc'ar (which all may be relateil ti> JytdittmA), to^edher with 
the IHacodylva of N(*w Caledonia and the adjacent islamls. 


Fuj. —Min'rocyvlia 
laxafit. Ki'r., Chili. 


reachin<^ even to New Zealand, and perha])s even tlie rnphidrninvH 
of ^lalaysia (wdiich are more akin to Bid iinvlns), may he. thought 
to exhibit, in some remote degree, traci*s *)f a comnam aiicestiy. 

The land operculates give*, no hel]), a.ml, of the. carnivorous 
genera, is a marked link lMttw(*(*n Africa and Australia, 

while Streptaj-tH is ecpially so b(^tw(*(*n S. Anauica and Africa. 
As regaiils fresh-water (iasteropoda, Anrindhirlft. is common to S. 
Ameri(*a and Africa, while Isidortt is common to vVfrica, Australia, 
and N(*av Zealand, but is altogether absent from 8. America. 
G und! avh in occurs in Florida, Trinidad, and Tasmania, hut has 
not been detected in Africa. It must be concluded, therefon*, 
that the present state of the eviilencc wliiidi the Mollusca can 
afford, while exhibiting certain curious points of relationship be- 
tween the three regions in rpiestion, is insuUicieiit to wan*ant 
any decided conclusion. 



CHAPTER Xll 


DISTKIBUTION OF MARINE MOLLUSCA — ^DEEP-SEA MOLLUSCA AND 
THEIR CHARACTERISTICS 

Marine Mollusca may be divided roughly into Pelagic and non- 
Pelagic genera. To the former division belong all Pteropoda and 
Heteropoda, and a large number of Cephalopoda, together with 
a very few specialised forms of Gasteropoda {lanthina, LitiopUy 
Jt^hyllirrhoe, etc.). Pelagic Mollusca appear, as a rule, to live at 
varying depths below the surface during the day, and to rise to 
the top only at night. The majority inhabit warm or tropical 
seas, though some are exceedingly abundant in the Arctic 
regions ; Glione and Limacina have been noticed as far north 
as 72V 

The vertical range of Pelagic Mollusca has received attention 
from Dr. Murray of the Challenger, Professor Agassiz of the Blake 
and Albatross, and others. Agassiz appears to have established 
the fact that the surface fauna of the sea is limited to a com- 
paratively narrow belt of depth, and that there is no inter- 
mediate belt of animal life between creatures which live on or 
near the bottom and the surface fauna. Pelagic forms sink, to 
avoid disturbances of various kinds, to depths not much exceed- 
ing 160 to 200 fathoms, except in closed seas like the Gulf of 
California and the Mediterranean, where the bathymetrical range 
appears to be much greater.- 

Non - Pelagic Mollusca are, from one point of view, con- 
veniently classified according to the different zones of depth at 

' The distribution of some Pteropoda has been worked out by Munthc, Bih, 
Svensk, Ak, Handl, Xll. iv. 2, by Pelseneer (Challenger'' Bep,, Zool., xxiii., and by 
Boas, Spolia Atlantica. 

. . ^ BuU. Mus. C» Z. Haro, xiv. p. 202 ; xxiii. p. 34 f. 
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whicli they occur. Thus we are eiiableil to distinguish Mollusca 
of {a) the littoral^ (b) the laminarian, (c) the nullipore or 
coralline, and (d) the abyssal zones. It must be borne in mind, 
however, that these zones cannot be exactly defined, and tliat 
while the littoral zone may be understood to imply the area 
between tide-marks, and the abyssal zone a depth of 500 
fathoms and upwards, the limits between the laminarian and the 
coralline, and between the coralline and abyssal zones can only 
be fixed approximately. 

The dilliculty of assigning special genera or species to special 
* zones of depth ’ is increased by two important facts in tlie 
phenomena of distribution. In the first place, it is found that 
species which occur in shallow water in northern seas often 
extend to very deep water in much lower latitudes. This in- 
teresting fact, which shows the importance of temperature in 
determining distribution, was first established by the dredgings 
of the Lightninrf and Porcupine off the western coasts of Europe. 
In the second place, a certain number of species seem equally at 
lioine in shallow and in abyssal waters, in cases wliere a great 
difference of latitude does not occur to equalise the temperatuie. 
IM 1 US the Cliallenger found Venus mesodesma living on the beach 
(New Zealand) and at 1000 fath. (Tristan da Cunha) ; Lima 
multicostata in ' shallow water ’ (Tonga and Port Jackson) and 
at 1075 fath. (Bermuda); Scalaria acus from 49 to 1254 fatli. 
(K Atlantic); and /S', lidlcnica from 40 to 12G0 fath. ((yanarics). 
Tlie Lightning and Porcupine found, or record as found, ^ Anornia 
pphijtpiuiii at 0 to 1450 fath., Pccten groenlandicus at 5 to 1785 
fath., suhauriculata at 10 to 1785 iiith., Modiolaria discors 
at 0 to 1785 fath., Crenella decussata, Oii 0 to 1750 fath., 
Dmrydium vitreum at 30 to 2750 fath., Area glacialis at 25 
to 1020 fath., Astarte compressa at 3 to 2000 fath., and Scro- 
bicularia longicallus at 20 to 2435 fath. Puncturella noaehina 
has been found at 20 to 1095 fath., Naiica groenlandica at 2 to 
1290 fath., liissoa tenuisculpta at 25 to 1095 fath. In many 
of these cases we are assured that no appreciable difference can 
be detected between specimens from the two extremes of 
depth. 

In spite, however, of these remarkable vagaries on the part 
of certain species, we are enabled roughly to distinguish a large 
, * Sc« j>a|»ers in P. Z, S. 1878-85. 
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number of genera as ‘ sliallow-water ’ and ‘ deep-water ’ respec - 
tively, while a still larger number occupy an intermediate 
position. Among shallow- water genera may be named Patella, 
TAttorina, Nassa, Purpura, Strombus, Haliotis, Mytilus, Cardiuw, 
Solen; while among deep-water genera are Pleurotoma, Scissu- 
rella, Seguenzia, Dentaliitm, Cadulus, TAmopsis, Nucula, Leda, 
Lima, and Axinus. 

Theories on the geographical distribution of marine Mollusca 
have been revolutionised by the discoveries of recent exploring 
(expeditions. The principal have been those of Torell (Swedish) 
(1859-61) on the coasts of Greenland and Spitzbergen; of the 
Lightning and Porcupine (British) in 1868-70, in the KE. 
Atlantic, off the Scotch, Irish, French, and Portuguese coasts, 
and in the Mediterranean ; of the Challenger (British), under 
Sir 0. Wyville Thomson, in 1873-76, in which all the great 
ocean basins were dredged or sounded ; of the BlaJee (American), 
under Alexander Agassiz, in 1877-80, in the West Atlantic, 
Gulf of Mexico, and Caribbean Sea ; of the Travailleur (French) 
in 1880-83, off the west coasts of France, Portugal, and Morocco, 
Madeira, the Canaries, and the Golfe du Lion ; of the Talisman 
(French) in 1882, off the west coast of Africa from Tangier to 
Senegal, th(5 Atlantic Islands, and the Sargasso Sea ; of the 
Albatross (American) in 1891, off the west coast of tropical 
America; of several other vessels belonging to the U.S. Fish 
Commission and Coast Survey, off east American shores; and 
of the Prince of Monaco in the Hirondelle and Princesse 
Alice at the present time, in the N. Atlantic and Medi- 
terranean. 

Tlie general result of these explorations has been to show 
that the marine fauna of very deep water is much the same all 
the world over, and that identical species occur at points as far 
removed as possible from one another. The ocean floor, in fact, 
with its uniform similarity of temperature, food, station, and 
general conditions of life, contains no effectual barrier to the 
almost indefinite spread of species.^ To give a few instances. 
The Challenger dredged Silenia Sarsii in 1950 fath., 1100 

^ A break in this iinifonnity may bo found underneath tlio course of a great 
oceanic current like the Gulf Stream, which rains u})on the bottom a largo amount 
of food. A. Agassiz {Bull. C. Z. Harv. xxi. p. 185 f.) explains in this way the 
richness of the fauna of the Gulf of Mexico as compared with that of the west coast 
of tropical America. 
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miles south-west of Australia, and also in 2650 fath. off* the mouth 
of the Kio do la Plata; Semeh profundorum- in 1125 fath. 
near the Canaries, and in 2900 fatli. mid N. Pacific; Verti- 
cordia dcskayesiana in 155 fath. near Cape York, and in 350 
fath. off* Pernambuco; Area pteroesm in 2050 fath. mid N. 
Pacific, in 1000-1675 fath. west of the Azores, and in 390 fath. 
olf the West Indies; Ai'ca eoipuhnta in 1400 latli. off N.E. 
Australia, in 2425 fatli. mid-Pacilic, and in 1375 fath. m\*ir 
Juan Fernandez; Lima ffoliath in 775 fath. off S. Japan, and 
in 245 fatli. off S. J ’a ta Lyonia ; Fleurotoma enyonia in 700 fath. 
north-east of New Zealand, and in 345 fath. oft* Inoshiina. A 
surpilsing range was occasionally found even in shallow-watm- 
species ; thus Pclrkola lapicMa was discovered by the same 
i?xpodition in the AYest Indies and N. Australia, Cardita eaij/rn- 
lata olf Teneriffe and in Bass Strait, Area imbricata off Capii 
York and in the AYest Indies, Modiolaria cuneMa at Poit Jack- 
son and Cape of Good Hope, Lima squamosa at Teneriffe and the 
Philippines. In these latter cases it is not improbable that the 
species lives in deep water as well, from which it has not yet 
been dredged. 

It follows from these considerations that any attempt to 
classify marine Mollusca under Eegions and Provinces can only 
apply to Mollusca which occur at moderate depths. The most 
important factor in the environment, as determining distribution, 
is the temperature of the water, which is probably to be j*egard(id 
as affecting not so much the adult Mollusca as their ova ; for 
the adult might possibly support life under conditions in whii'h 
the ova would perish. It appears that a sudden change of tem- 
perature is the most effective barrier to distribution,^ and may 
bring the range of a spticics to an almost • instantaneous stop, 
while a very gradual change will allow it to extend its range 
very wididy. 

^ Oil the western coasts of Europe and America, wlicro tlie change in .surface 
temperature is very gradual, Purpura la}dllvs (the we.st American ‘.sjKjcies’ arc 
at best only derivatives) is able to creep as far south as lat. 32'^ (Mogador) in the 
former ease, and lat. 24° (Margarita Bay) in the latter, the mean animal tempera- 
ture of the surface water being 66^ off Mogador, with an extreme range, of only S'\ 
and that of Margarita Hay 73°, with an extreme range of only ti". On the eastern 
coasts, where the Pacific and AtUiutic gulf-streams cause a sudden change, of iem- 
IKjraturc, the Purpura is barred back at points many degrees farther north, viz. at 
lat. 41° (Hakodadi), surface temperature 52°, extreme range 25° ; ami at lat. 42° 
(Nmyliavcn), surface temperature 52°, extreme range 30*. 
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It has been usual to classify marine Mollusca from moderate 
depths under the following regions and sub-regions : — 


Regions. 


A. Ailantic and 
Ofrcimipolar 


B. Indo-Paciflc 


8ub-regions. 

1. Arctic. 

2. Boreal. 

3. Celtic. 

4. Lusitaniaii. 

5. West African. 

6. South African. 
Jl. Indo-Pacific. 
\ 2 . 


Japanese. 


Regions. 

0. Aii8traliaa|g* 


D. American 


Bub>regions. 

Australian. 
Neozealaniaii. 
fl, Aleutian. 

2. Californian. 

3. Panamic. 

4. Peruvian. 

6. Magellanic. 

6. Argentinian. 

7. Caribbean. 

8. Transatlantic. 


A. The Atlantic Region 

includes the whole of the eastern shores of the Atlantic, from 
the extreme north to the Cape of Good Hope, together with the 
circumpolar seas, which may be regarded as roughly bounded 
by the Aleutian Islands and the coasts of Newfoundland. 

(1) 2’he Arctic Subregion includes the circumpolar seas, and 
is bounded in the N. Pacific by a line drawn between Cape 
Avinoff in Alaska, and Cape Lopatka in Eamschatkii, so as to ex- 
clude the Aleutian Islanda On the western shores of the Atlantic 
the cold Labrador current brings it as far south as the coast of 
Newfoundland, but on the eastern shores the influence of the 
Gulf Stream has the contrary effect, so that the North Cape may 
be taken as its southern limit. 

The principal genera (many species of which are common to 
the whole sub-region) are Volutomitra, Buecirmm, Buecim^sis, 
Neptunea, Trophon, Bela, Admete, Vclutina, Trichotropis, Lcxuna, 
Margarita, JPhiline, Pecten, Leda, Yoldia, Astarte, and Mya. The 
shells are generally unicoloured, and of a dead white or rather 
sombre tint. 

(2) The Boreal Subregion may be subdivided into two 
provinces — the European and the American. The former includes 
the entire coast-line of Norway, the Faroe Islands, and Iceland 
(except perhaps the northern coast), and possibly the Shetland 
Islands; the latter the American coasts from the Gulf of St. 
Lawrence to Cape Cod (lat. 42°). Thus the Boreal American 
province does not extend nearly so far south as the Bor^ 
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Eiiropeau, the reason being that on the American coasts the cold 
Labrador current, which hugs the land, bars back the advance of 
southern genera, but allows boreal genera to spread southwards, 
while on the European side the warmer conditions produced by 
the Gulf Stream keep the boreal species back, and allow more 
southern forms to spread northwards. 

Many of the Boreal species occur on both sides of the Atlantic, 
and thus support the theory of a more continuous fringe of con- 
tinental land once existing along the north of the Atlantic. 
Among the prominent genera, besides several of those mentioned 
under the Arctic Sub-region, are Purpura, Chenopus, Littorina, 
Gibbula, Natica, Patella, Tectura, Chiton, Doris, Aeolis, Tellina, 
Thracia. 

(3) The Celtic Suh-region includes the British Islands (except- 
ing perhaps the Shetland Islands), the coasts of the North Sea 
and the Baltic, with N. France to Cape Ushant. The absence 
of any cold or warm current exerting direct influence upon tlie 
coast-line of this sub-region causes a very gradual change in the 
conditions of life as we move either southward or northward. 
The fauna of the British seas contains a decided mixture of 
northern and southern forms. The following are among the 
common Boreal species which attain their southward range on 
our coasts: Tectura testudinalis Miill. (to Dublin Bay and 
Scarborough), Trichotropis lorealis Brod. (to the Dogger Bank), 
Margarita helicina Fabr. (to Yorkshire and Dublin Bay), M. 
groenlandica Chem. (western Scotland), Natica montacuti Forb. 
(to Cornwall), Trophon truncatus Str. (to Tenby), Chiton mar- 
moreus Fabr. (to Dublin Bay and Scarborougli). Buccinum 
undatum and Littorina littorea become very, scarce on our extreme 
south-western coasts. Among Lusitanian species which reach oiu: 
coasts are Oibhula magus L. (to Orkney and Shetland Islands), 
Phasianella pullus L. (to Caithness), Oaderus chinensis L. (to 
Milford Haven), Oaleomma Turtoni Turt. (to Weymouth), Car- 
divm ajcvleatvm L. (to Isle of Man), Solen vagina L (to north 
Ireland). 

It appears from the MoUusca of our Crag formations that at 
the time of their deposition the temperature of our seas must 
have been considerably warmer than it is now. Thus in the 
Crag we find many species and even genera (e.g. Mitra, Fossarus, 
Triton, Vermetus, Bingicvla, Chama) which now occur no farther 
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north than the southern eoasts of the Channel, the west of 
France, and the Mediterranean. 

The Baltic, a sea specially liable to violent changes of teni- 
lierature, with a large admixture of fresh water at its eastern 
end, appears to possess only about 66 species in all. More than 
60 genera occurring on the western coasts of Denmark do not 
enter the Sound. In the eastern portion of the Baltic marine 
and fresh-water sj)ecies live together (p. 12). 

(4) The Lusitanian Svh-region extends from Cape Ushant 
in the north to Cape Juby (lat. 2 S'") in the south, and includes 
the whole of the Mediterranean, as well as the Azores, Canaries, 
and Madeira groups. 

Tlie English Channel acts as an ellectual barrier to the 
northward extension of many species; as many as 81 species 
which occur in western France do not reach British coasts 
(P. Fischer). At the same time, the western coasts of France 
arc * rather intermediate between the two sub-regions than 
distinctly Lusitanian, for between 60 and 60 Mediterranean 
genera do not occur on those coasts. 

The Mediterranean itself is exceedingly rich in species, about 
1200 in all (including deep-water species) being kiunvii. A 
certain number of thes(? Ixilong to tropical genera which here 
find their northern limit, e.g. Fasciolaria, Caiicellaria, Sigaretus, 
Siliquaria, Chama, Spovdylus, Here too occur Carinaria, 
Lobiger, Oxynoey Pedicularia, Cypraea, Marginella, Mitray Doliuiriy 
CassiSy Cassidaruty Fismiia, FuthriUy VertnetiiSy Argonauta, and 
many others. A few Celtic and even Boreal species, which occur 
on the western coasts of Morocco, do not enter the Mediterranean. 
Among these are Purpura lapillus, Helcion pellucidumy and 
Tellina haithica. Iltdiay a rare West African genus akin to 
Pleurotomay is found in Cadiz Bay, and the West African Cym- 
hiura occurs on the Spanish coasts as far as Malaga. 

The Black Sea, whose northern and western coasts are 
exceedingly cold, is comparatively poor in species. The Sea of 
Azof is chiefly characterised by forms of Cardium, 

(6) The West African Suh^region extends from Cape Juby to 
a i)oint probably not very far south of lat. 30® S., the cold cur- 
i*ent which sweeps up from the Pole probably limiting the south- 
ward extension of tropical species on this side of Africa, while 
the warm Mozambique cmreiit on the eastern side permits the 



XII WEST AND SOUTH AFRICAN SUB-REGIONS 367 


spread of many Indo-Pacilic species almost as far south as the Cape. 
Owing to its extreme unhealthiness, and the absence of harbours, 
the sub-region is very little known. 

The principal genera are Cymhium, Plmrotoma, MtiTgivella, 
Terehra, Mitra, Ayaronia^ Murex, Canccllaria, Purpura, Pscud- 
oliva, Natica, Tellina, lAVcina, Tugonia, Sehizodesma, and Area. 
Studer has enumerated as many as 65 species common to West 
Africa and the opposite American shores. l"he north and soutli 
ti(|uatorial currents, which circulate in this part of the Atlantic, 
probably transport the larvae from one coast to the other. Pur- 
pura coronata Lam., a characteristic West African species, is 
represented by a w'ell-marked variety in Dcmcrara. 

The Mollusca of St. Helena (1*78 known specie.s) most 
resemble those of the West Indies, 50 per cent being common, 
while 80 per cent are common to the Mediterranean. From 
Ascension Island only 33 species are known, which in tlieir 
general relations resemble those of St. Helena.^ 

(6) 'Phe South African Sub-region extends along the coast 
from about lat. 30° on the west, to about East Ix)ndon on the 
east. Mr. G. B. Sowerby enumeiatcs 740 species from 'South 
Africa,’ but includes in this list Natal si)ecies, which more properly 
lielong to the Indo-Pacific fauna. Of tliese 740, 323 are 
peculiar, while 67 also (xrcur in European seas, some being 
familiar on our own shores. It is remarkable to tind in a sub- 
region separated from ourselves by the wliole width of tlic tro|»ics, 
such well-known forms as Mangilia costata Don., M. Hvptaugalaris 
Mont., Cylichna cylindracea Penn., Pkolas dgciylus 1j., Solen 
marginatus Pult., Cultellus pellucidus Penn., CcraMsolen legumen 
L, Lutraria dblonga Cheni., Tcllina fdbula Gmel.' T, te7iu{H Da C., 
Modiolaria discoi^s L., and many otheis. 

The leading genera are Euthria, Triton, Commella, Bullia, 
Nassa, Cypraeovula, Oxystele, Fissurella, FissureMidaea, Patella, 
and Chiton. 

The Mollusca of Kerguelen Island and the Marion and 
Crozets groujjs show relationship partly with South America, 
partly with the Cape, and partly with South Australia and New 
Zealand, thus showing some trace of a circumpolar antarctic fauna 
corresponding to, but not nearly so well marked as that of the 
circumpolar arctic sub-region. Among the remarkable forms 
^ E. A. Smith, P. Z. S. 1890, pp. 247, 317. 
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discovered off Kerguelen are Nedbuccinum and a sub-genus of 
Struthiolaria (JPerissodonta), 

B. The Indo-Paciflc Region 

includes the whole of the coast-line of the Indian and western 
Pacific oceans, from about East London in South Africa to the 
north of Niphon (lat. 42°) in Japan, with the Eed Sea and 
Persian Gulf, the whole of the Indo-Malay Archipelago, Polynesia 
to the Sandwich Islands in the north-east, and Easter Island in 
the south-east, and Australia to Swan Eiver in the west, and to 
Sandy Cape and Lord Howe’s Island in the east. It is especially 
the region of coral reefs, which furnish so favourite a home of the 
Mollusca, and which are entirely absent from the Atlantic 
Region. 

(1) The Indo-Pacific Sub-region 'proper (which includes the 
whole of this region except that part defined below as the 
Japanese Sub-region) is by far the richest in the world. The 
marine Mollusca of the Philippines alone (in some respects tlie 
nucleus of the whole region) have been estimated at between 
5000 and 6000 species, and Jousseaume estimates Red Sea 
species at about 1000. Some prominent genera are very rich in 
species. Garrett enumerates from Polynesia 8 1 species of Conus, 
60 of which occur on the Viti Is., 21 on the Sandwich Is., and 
only 14 on the Marquesas, where coral reefs are almost absent ; 
82 species of Cypraea, Viti Is. 44, Sandwich Is. 31, Marquesas 
only 13; 167 species of Mitra (besides 29 recoi’ded by others), 
Viti Is. 120, Sandwich Is. 36, Marquesas 7. Of 50 existing 
species of S trombus, 39 occur in this region, and 10 out of 11 
Eburna, 

The following important genera are (^uite peculiar to the 
region: Nautilus, several forms of Purpuridae, e.g. Rapana, 
Magilus, Rapa, Melapium, and Ricinula ; Tudicla, several forms 
of Strombidae, e.g. Rostellaria, l^erebellum, Pteroceras, and Rimella ; 
Cithara, Melo, Neritopsis, Stomatia, Malleus, Vulsella, Cucullaea, 
Tridacna, Hippopus, Libitina, Glaucomya, Anatina, Aspergillum, 
and many others. 

The number of species common to the Red Sea and 
Mediterranean is exceedingly small, some authorities even deny- 
ing the existence of a single common species. The present 
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author, from an examination of the shells dredged by Mac- 
Andrew at Suez, regarded 17 species as common, and Mr. E. A. 
Smitli has confirmed this view witli regard to 8 of the species in 
question.^ The Mollusca occurring in Post-pliocene beds at Suez 
show that Mediterranean spt^cies lived there in comparatively 
recent geological times. 

The opening of the Suez Canal appears to have already 
induced several species to start on their travels from the Mediter- 
ranean to the Eed Sea and vice versd. Two Red Sea species 
{Mactra olorina Phil., Myiilus variahilis Kr.) had in 1882 estab- 
lished themselves at Port Said, while two MediteiTanean species 
{Pholds dcLctylus L., Solen vagina L.) had reached Ismailia.“ 

(2) The Japanese Sub-region consists of the Japanese Islands to 
Niphon, together with Corea and a stretch of adjacent mainland 
coast of unknown extent. The warm Kuro Siwo current, sweep- 
ing up between JjUzou and Formosa, permits tropical species to 
extend much farther north than on the opposite shores of America, 
where a cold polar current keeps them back. A certain number 
of species, however, are common to the two shores of the Pacific, 
and a few circumpolar species occurring on our own coasts reach 
Japan, e.g. Trophon clathratus, Puncturella noachina, My a arenaria^ 
Modiola modiolus, Lasaea rubra, and Nucula tenuis. 

Among the characteristic genera are Fums,Siphonalia, Colum- 
barium, Ilemifusus, Rapana, Chlorostoma, Pleurotomaria, Ualiotis, 
and Gyclina. 


C. The Australian Region 

includes the Australian coast-line from al')out Swan R.® (lat. 
82° S.) to Sandy Cape (lat. 25'' S.), Tasmania,. New Zealand, and 
the adjacent islands (except Lord Howe’s I.). 

(1) The Australian Sub-region x^'roper (which consists of the 

1 A. H. Cooko, Ann. Moug, Nat. Hist. (5) xviii. (1886) p. 380 f; E. A. Smith, 
P. Z. S. 1891, p. 391 f. 

® C. Keller, Neuc Denksch. Schw. Gescll. xxviii. 1883, pt. 3. 

^ According to Tate {Trans. Hoy. Soe. S. Austr. 1887-88, p. 70), ‘Australian’ 
species predominate at Freemantlc (32**), but Tenison- Woods {J. Roy. Hoc. N. H. IVales, 
xxii. p. 106) holds that the tropical fauna extends as far soutli as Cape Leeuwin (34'’), 
and that the Australian forms are not ]>rcdoininaiit until the extreme soutli. 
Tenison- Woods regards Gape Byron (31°) as the limit of the tropical fauna on the 
east coast, while some characteristic tropical genera reach Port Jackson, and a few 
(e.g. Cypraea annulus) Tasmania. 

V&L. Ill 2 B 
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whole of the region excepting New Zealand and the adjacent 
islands) is determined by the influence of the Antarctic Drift, 
wliich washes the whole of the southern coasts of Australia, and 
runs strongly northward between Australia and New Zealand. 
The E. Australian warm current from the north is checked at 
Sandy Cape by this cold current, and flows off to New Zcalaricf, 
the western sliores of which island are consequently mueli warmer 
than the eastern. On the western coast of Australia the 
Antarctic Drift has less force, and tropical genera accordingly 
range some 7 degrees farther souili on tlie western than on the 
eastern coasts. 

The characteristic genera are Valuta (of which half the known 
species occur on Australian coasts^), CoudmlUiy tiiplionaliay 
Striithiolaria, liisella, Phasianella, a number of genera belonging 
to the Trochidae, e.g. Liotiay ClaiwuluSy EucheluSy Thalotia, 
ElcMhuSy Trockocochleay ZizypMnuSy Eanhima; TrigonWy Myodoray 
Myochamay Solenoiriyay Ephippodontay Anapa, Mylitlay Mesodesmay 
and Cliainosirea, Trigonia, originally disc(.)vered as a recent 
form in Sydney Harbour (p. 65), is not peculiar to that locality, 
occurring also off Cape York, AVest Australia, and Tasmania. 

(2) The Neozealanian Svh-region includes New Zealand, witli 
the outlying islands (Chatham, Auckland, and Campbell Is.). 

As many as 455 species (Cephalopoda, 8 ; Gasteropoda, 311 ; 
Scaphopoda, 2 ; Pelecypoda, 134) have beeji ejiumerated by Professoi* 
F. W. Hutton as occurring within the sub-region, of which only 
64 are found elsewliere, the proportion of peculiar species being 
thus nearly 86 per cent. New Zealami therefore is, in its marine, 
no less than its land Mollusca, greatly isolated. 

The characteristic genera are Anthoray CnjptocoTicliuSy and 
Vamganellay which appear to be quite peculiar, Trophoriy ComineMay 
Euthriay most of the Trochidae also characteristic of S. Australia, 
IlaliotiSy Patella; Tariay Mesodesmay Mylittay Zenaiuiy Slandellay 
and Myodom, 


D. The American Region 

includes the entire coasts of North and South America with the 
adjacent islands, south of Cape Avinoflf on the western, and south 

' A full account of the distribution of Voluia is given by Crosse, Jouni, de Conchyl, 
(3) .xix. p. 263. 
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of Cape Cod on the eastern coast, the portions north of these 
points belonging to the Arctic Sub-region. 

(1) The Aleutian Suh-region consists of the islands of Yesso and 
Saghalien, with the adjacent shores of the Sea of Okhotsk to Cajie 
Jjopatka, the Aleutian Is., and the west American coast from about 
Cape Avinoff (lat. GO'* N.) to St. Jean de Fuca Straits. 

A certain nuinlKU' of species, probably of arctic origin, are 
common with British and also with East American shores, the 
former being the more numerous. Species as familiar to ns as 
Lacuna divaricata Fabr., IVichotropis borealis Brod., Pholas 
erispata L., My a truncata L., M. arenaria L., My t Hus eduHs h, 
and Modiolaria nigra Gray, occur. The more cliaracteiistic. 
genera are Chrysodovius, Volutharj^Oy Bucemum, Tcctnra, BcurriUy 
Chiton, Cryptochiton (Cr. Stdleri IVIidd. is by far the la.rgt\st 
known of the ('hitonidae, 6 inches hmg), Tellina, anil Pccten. 

(2) The CcdifiyrnianBuh-regw^^ from St. Jean de Fuca 

Straits (lat. 48 ’ N.) to Cape St. Lucas, thii Gulf of California 
belonging to the ranamic sub-region. The nortlu^ni polar current, 
whii'h washes the sliores of this sub-region throughout their whole 
extent, ])rolongs the southward range, of thii more northern genera, 
and keeps back those more markedly troj)ica], the lattia*, how(iV(*r, 
creeping nortliward in the warmcir waters ol‘ thii Gulf of California. 
Some authorities subdivide this immense stretch of coast-lini*., as 
characterised by sub - temperate, temperate, and sub - tropical 
genera, into tlie Oregonian, Californian, and Lower Californian 
provinces. 

The characteristic genera arc — in the nortli, Argohuvcinuin , 
Zizyphinus, Chlorostoma, Tcctnra, Scurria,, Chiton {Katharina, 
Mopalia, Tonicia), Cryptochiton, PUuyuncino aria, and Mylilimcria ; 
in the centre. Purpura, Monoceros, Amphissa, Norrisia, Plaiyodon, 
Tapes, and Mmoma; and, towards the south, (Mivclla, Chorus, 
Macron, Pseudoliva, Trivia, and Jfaliotis. 

(3) The Panamic Sub-region extimds from the head of the 
Gulf of California to Payta in Peru (lat. 5*^ S.). It is exceed- 
ingly rich ill species, about 1500 having been descriljed. Thi*. 
Mollusca are entirely distinct from those? of tlie Indo- Pacific 
Kegion, which, although extending from Natal to the Sandwich 
Islands, are unable to pass the enormous extent of sea which 
separates the nearest Polynesian island from the American coast. 

On the two sides of the isthmus of l^inama there occur certain 
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pairs of species, which, while specifically distant, are evidently 
closely related to one another. Amongst these are, on the 
Panamic side. Purpura speciosa, Cypraea cerrinetta, Cassis ah- 
hreviata, Natica Chemnitzii, and Strombus gracilior, correspond- 
ing to Purpura deltoidea, Cypraea exanthema, Cassis injlata, 
Natica maroccana, and Strombus pugilis, on the Caribbean. It is 
i-easonable to conclude that these “analogous species” are 
descendants of a stock which was common to both seas when the 
isthmus was open (probably not later than Miocene times), and 
which have, since the closing of the isthmus, become modified, 
some species considerably more than others. 

Among the characteristic genera (compare p. 3) are Conus, 
PUurotoma, Terebra, Murex, Purpura, Oliva, Northia, Cantharus, 
Golumbella, Anachis, Cypraea, Strombus, Cerithium, Coecum, 
Crepidula, Crucibulum, Vitrinclla; Tellina, Semele, Tellidora ; 
and Area. 

■ (4) The Peruvian Sub-region extends from Pay la in Peru to 
about the latitude of Conception in S. Chili (SV"" S.), being 
checked IVorn further extension southward by the cold Humboldt 
current, whoso force is distinctly felt as far north as (Dallao. This 
cold current thus produces the same results as the similar current 
wliich impinges on S, Africa, but has even more eflect in decisively 
separating the fauna on the two sides of the great peninsula, 
scarcely a single species being common to the western and eastern 
coasts of S. America. The characteristics of the coast-lines them- 
selves contribute to this result. The Chilian coast is rocky, and 
descends abruptly to a great depth, while that of Patagonia and 
Argentina is sandy and very shallow to a great distance from 
land. 

The characteristic genera are Cancellaria, Columbella, Monoceros, 
Concholepas, Trochita, Fissurella, Chiton; Ceronia, Malletia, and 
Cumingia. Some of the Californian genera, absent or poorly 
represented in the Panamic Sub-region, reappear in Chili, e.g. 
Scurria, Tectura, and Chlorostoma. 

(5) The Magellanic Sub-region includes the coast -line and 
adjacent islands (with the Falklands) from Conception in 
S. Chili to about Port Melo in Eastern Patagonia (lat. 45° S.). 

The principal genera (many of which find a habitat on the 
gigantic Macrocystis which grows on every rock at low water) are 
Euthria, Voluta (6 species, one, V. magellanica, the largest known). 
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MonoceroSj Photinulay Patella, Chiton ; Modiolarca, Malletia, and 
Mulinia. Several genera, characteristic of the Boreal and Arctic 
sub-regions, recur, e.g. Trophon, Admete, Margarita, Puncturella, 
Cyamium, and Astarte, 

(6) The Argentinian ^ Suh-region extends from about Capo 
Melo ill Patagonia to the neighbourhood of S. Caterina I. in 
South Brazil (lat. 28® S.). The sub-region stands in the same 
relation to the Magellanic, on the east coast, as the Peruvian sub- 
region on the west, but, owing to the influence of the warm 
Brazil current, which oveipowers the colder water of the Falkland 
branch of the Cape. Horn current, it reaches a point much farther 
south. 

The Mollusca are not well known. The prevailing genera 
appear to be Oliva, Olivancillaria, Voluta, Bullia, Crepidula ; 
Pcriploma, and Lyon&ia, 

(7) The Caribbean Sub-region extends from S. Caterina I. in 
the south to Florida in the north, and includes the sliores of tlu*. 
Gulf of Mexico and the whole of the West Indies. The influence 
of the warm Brazil current (a branch of the Soutli Equatorial) 
carries the range of the purely tropical species to a point much 
farther south than is reached by the tropica] species on the west 
coast. 

The sub-region is very rich in species, especially on the coral 
reefs of the Bahamas and N. Cuba, but the exceedingly small 
tide-fall makes shore collecting somewhat dillicult beyond a certain 
point. The leading genera are Murex, Purpura, MeUmgena, 
Latirus, Marginella, Strombus, Triton, Ceriihium, Littorina, 
Nerita, Scalaria ; Tellina, Strigilla, Lueina, and Venus, Plenro- 
tomaria, a genus long regarded as extinct, has been dredged aliv(3 
off Tobago. 

As compared with the trojiical launa of the Old World, that 
of the New World is poor in peculiar genera (compare p. 368). 
The relations of this sub-region to the West African and the 
Panamic have been already dealt with (pp. 367 and 372). 

(8) The Transatlantic Sub-region Q,xtoAu\H from Florida to Cape 
Cod (see p. 364). In the north the limits of the sub-region are 
distinctly marked, in the south Caribbean species intermingle. 

> Usually known as * Patagonian,’ but since the Magellanic Sub- region includes 
a considerable part of Patagonia, and since the greater part of sub-region ( 6 ) lies out 
of Patagonia, it has been thought advisable to change the name. 
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Gould and Biniiey,in their I?ivertebrata of Massachusetts, enumerate 
275 species (Cephalopoda, 6 ; Gasteropoda, 169 ; Scaphopoda, 2 ; 
Pelecypoda, 108), of which 59 (Gasteropoda, 37; Pelecypoda, 
22) are British. 

Among the characteristic genera are Urosalpinx, Eupleura, 
Fulgur, Ptychatractus, Nassa, Crepidula; Solenomya, Mactra, 
Cypricia, Baeta, Astarte, and Yoldia. Our common Littorina 
littorea appears to have been introduced into Nova Scotian 
waters in about 1857, no previous trace of it occurring either in 
literature or shell-heaps. Since then it has spread rapidly into 
the Gulf of St. Ijawrence, and also as far south as Newhaven, and 
is said to be driving out the indigenous L, palliata from New 
England shores.^ The debt has been repaid by the introduction 
into British waters of the American clam ( Venus mercenaria L.), 
which, according to the Marwhester City News of 23rd March 
1889, was first observed in the Humber in 1864, and has 
steadily increased up to the present time, when it bids fair to 
compete, in those waters, with the familiar Cardium cdule, 
Gharacteristics of Abyssal Mollusca. — I^rge shells appear 
to be rare in the great ocean depths, and are usually very fragile ; 
even moderately- sized specimens are far from common. The 
only group in which species occur larger than the usual size is 
the Nudibranchs, which are represented by at least one form 
larger than an orange. 

It would seem that abyssal molluscs are much less active and 
energetic than their brethren on the shores. This view is 
favoured by the looseness of their tissues, which seem ill adapted 
for prompt and vigorous action. The tenacious character of the 
mud on the ocean floor must make rapid motion very difficult. 
The shell itself is usually fragile and delicate, the upper layers 
of arragonite being thin as compared with shallow-water species, 
which makes the nacreous layer, when present, appear unusually 
conspicuous; in many cases the surface is characterised by a 
peculiar iridescence or sheen. The colour in the shell of deep-sea 
Mollusca is never very pronounced, and is often absent altogether, 
light pink and salmon, pale yellow and brown, are not uncommon. 
If the colour is in pattern, it is usually in the form of necklaces 
of spots, which sometimes coalesce into bands. With regard to 
sculpture, stout knobs and powerfully buttressed varices, such as 
* Amer, Nat. xx. p. 931. 
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occur in the tropical Murex and Purpura^ are not found in deep- 
sea species. But the ornamentation is frequently elaborate, and 
the sculpture rich and varied. There is an especial tendency 
towards strings of bead-like knobs, revolving striae, and delicate 
transverse waves, the sculpture being in many eases of a 
character which tends to strengthen the structure of the shell, 
like the ridges in corrugated iron. 

A remarkable feature in some deep-sea Mollusca is their 
singular resemblance, in shape, and particularly in the possession 
of a strong green periostracum, to some of our common fresh-water 
species. According to Dr. Dali, the cause of this phenomenon 
is the same in both cases. The fresh-water Mollusca secrete a 
strong periostraciuii, in order to protect the shell against the 
coiTosive inhuence of the carbonic acid gas with which the water 
is surcharged. The shells of deep-sea Mollusca, living, as they 
do in water ijrobably undisturbed by currents of any kind, have 
to protect themselves against the same eroding inihicnce, and do 
so in the same way.^ 

Mollusca which live exclusively on algae and other forms of 
plant life are almost entirely wanting in the great depths, where 
vegetation is probably unknown. The struggle for existence 
must be much less keen than in the thickly populated shallows, 
where vicissitudes of every kind occiu*. The absence of rapid 
motion of water must obliterate many of those mechanical effects 
which tend to produce modifying influences upon the animals 
affected. In the absence of circumstances tending to cause varia- 
tion, in the unbroken monotony of their surroundings, species 
must, one would think, preserve a marked uniformity over an 
exceedingly wide area of range. 

Vegetable food being wanting, those genera which in shal- 
lower waters never taste flesh, are compelled to become carnivor- 
ous. Characteristic of the great depths are very remarkable forms 
of Trochidae, in whose stomachs have been found the remains 
of Corallines and Foraminifera. According to Dr. Dali, the 
results of this diet show themselves in the greatly increased space 
occupied by the intestine, in the diminution, as regards size, of 
the masticatory organs, the teeth and jaws, and also in the pro- 
longation of the anal end of the intestine into a free tube, which 
carries away the excreta in such a way that they do not foul the 
1 W. H, Dali, iVoc. Bvol. Soc. WashmgUyii, v. p. 1 f. 
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water taken into the gills. The amount of nutriment contained 
in the bodies of dead Foraminifera is so small that a compara- 
tively large quantity must be swallowed to keep the vital 
energies active, and therefore the amount evacuated must be pro- 
portionately larger also. The abyssal Trochidae, then, and many 
other genera, sustain themselves by feeding on the ' rain ' of dead 
animal matter which falls upon the ocean floor, not so much 
hunting their prey as opening their mouths and eating what- 
ever happens to fall into them. Genera which are normally 
carnivorous would appear to do the same. The Pleurotomidae, 
lor instance, are a family markedly characteristic of very deep 
water. Bepresentatives of the genus which occur in shallower 
water are known to secure their prey while in the living state. 
But, according to" Dr. Dali, a singularly small proportion of deep- 
sea Mollusca, as compared with those from the littoral region, 
show signs of having been drilled or attacked by other Mollusca. 
This could hardly be the case if the Pleuiotomidae retained their 
predatory habits, since they are more numerous in the great 
depths than any six other families taken together. It has 
already been mentioned (p. 186) that a large proportion of deep- 
sea Mollusca are perfectly blind. 

Amongst other remarkable forms from the greS,t depths may 
be mentioned Pleurotomaria, with its singular anal slit (Fig. 269, 
p. 407) extending in some cases half-way round the last whorl. 
Three or four species of this genus, so characteristic of almost all 
fossiliferous strata down to the Cambrian, have been obtained in 
very limited numbers off the West Indies and Japan. Dentaliid6ie, 
especially the sub-genus Cadvivs, find a congenial home in the 
slimy ocean mud. One of the greatest molluscan treasures procured 
by the Challenger was OuivUlea alabastrina Wats., a magnificent 
Volute as white as alabaster, 6^ inches loiig, which was dredged 
from 1600 fath. in the South Atlantic, between Marion Island 
and the Crozets. Another very curious form, belonging to the 
same family, is Provoeator pvlcher Wata, a shell about half the 
size of. OuivUlea, of stouter proportions, and with an angulated 
and patulous mouth. This shell was dredged by the Challenger 
in comparatively shallow water (105-150 fath.) off Kerguelen 
Island. Among the Trochidae are the fine new genera BasUiasa, 
BewMx, and Qaza. The exploring voyages of the American sur- 
veying steamer Blake, in the Gulf of Mexico and the Caribbean 




XII 


REMARKABLE ABYSSAL MOLLUSCA 


377 


Sea, have given us the remarkable new foriiiS Benthohia (possibly 
akin to Adm:ete)y Mesorhytis (a sub-genus of Fasciolaria hitherto 
only known from the Cretaceous of North America), and Bentho- 
dolium (possibly = Oocory5), a genus akin to Cassis. 

In his report on the Pelecypoda obtained by the Challeriger, 
Mr. E. A. Smith remarks that as a rule ‘‘very deep-water 
‘ benthal ' species certainly have a tendency to be without 
colour and of thin structure, facts no doubt resulting from the 
absence of light, the difficulty of secreting lime, the scarcity of 
food, and other unfavourable conditions of existence.” At the 
same time, he notices that most of the species obtained belong to 
genera which, even when occurring in shallow water, are thin and 
colourless, e.g. Neaeray Limay Cryptodon, Ahray Verticordiay etc. 
Deep-water species of such genera as have a decided periostracum 
{Malletia, LimopsiSy Leday Nuculay Area) retain it with little if 
any modification. The deep-water Pelecypoda of the Atlantic 
and Pacific Oceans present no special features of interest. The 
species are few in number, and the genera are not remarkable 
either for novelty or peculiarity of form. 

The greatest depth at wnich Pelecypoda have been obtained 
is 2900 fath. mid North Pacific {Callocardia pcmijica Sm., Ahra 
jyrofundorum Sm.) ; the greatest depth at which Gasteropoda have 
been obtained is 2650 fath. South Atlantic {Stylifer hry chins 
Wats.), both by the Challenger. The deepest Challenger Nudi- 
branch came from 2426 fath., and the deepest Chiton from 2300 
fath. The greatest depth ever dredged is 4576 fath. off the east 
coast of Japan. 




CHAPTER XIII 

CLASS CEPHALOPODA 

The Ceplialopoda present a complete contrast to the majority of 
the Molliisca in habits and in many points of organisation. In 
their power of rapid movement and their means of progression, 
their extreme ferocity and carnivorous habits, their loss, in so 
many cases, of a shell, and in its constitution when present, in 
the general symmetry of their parts, in their reproductive and 
nervous system, they stand in a position of extreme isolation 
with nothing to connect them with the rest of the phylum. 

Professor A. E. Verrill has collected many interesting details 
with regard to gigantic Cephalopoda occurring on the north- 
eastern coasts of America. From these it appears that the 
tentacular arms of some sj)ecies ot Architeuthis measure as much 
as 32, 33, 35, and 42 feet in length, while the total length, 
including the body, sometimes exceeds 50 feet. Even off the 
Irish coast a specimen was once captured whose tentacuhir arms 
were 30 feet long, the mandibles 4 inches across, and the eyes 
about 15 inches in diameter.^ The strength of these giant 
Cephalopods, aided as they are by formidable rows of suckers ami 
other means of securing a grip, is almost incredible. Cases arc 
not uncommon, in whicli persons diving or bathing have been 
attacked, and have with difficulty made their escape. 

Great damage is frequently inflicted by Cephalopoda upon 
shoals of flsh on our own coasts. Off Lybster (Caithness) Loligo 
and Ommexstrephes devour the herring, large numbers of which are 
cut up and bitten on the back of the neck by these creatures. 
On the American coasts the mackerel fisheries are sometimes 
entirely spoiled by the immense schools of squid which infest the 
^ Trans* Connect* Acad. v. p. 177 ; Zoologist, 1875, p. 4502. 
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Bay of St. Ijawrencc.^ When excited in the pursuit of fish 
Ceplialopoda leap high out of the sea. Dr. W. IT. Rush ^ relates 
that when about 300 miles off* the coast of Brazil, a swarm of 
hundreds of decapods flew from the water and landed on the 
deck of the ship, which was 12 feet above the surface level, and 
they had to go over the hammo(*k nettings to rciuTi it. 

The common Octo])us vnlffttris I^nn., of our own and the south 
European coasts, inhabits some rocky liole, the a])j)roa(Ties to 
which, like the den of a fabled giant, are strewn with the bones 
of his victims. Homer himself knew how hard it is to drag the 
polypus out of his hole, and how the stones cling fast to his 



V I ( J. 238. — Octnp utt 
rulijaria [iJiin., 
NaploH : A, At 
ivst ; B, ill ino- 
lion ; funnel, 
tlie arrow .sliow- 
iiijf tlie 
tion of tlic ))ro- 
))i!!llin}' current 
of water. (After 
Mcrculianu. ) 


suckers. The colour-changes, which flit across the skin of the 
Octopus, appear, to some extent, exjire.ssi ve f)f the different emotions 
of the animal. They are also undoulitedly protective, enalding it 
to assimilate itself in colour to its environment. Mr. fJ. Itornell ^ 
has noticed an Octoims, while crawling over the rock-work in his 
tank, suddenly change the colour of the whole right or left side 
of its body, and of the four arms on the same side, to a snowy 
whiteness. They have also l>een seen to change colour, as if 
involimtarily, according to the material on which they crawl. 

^ Re}}. Scotch Fifth, iii. 1885, App. F, p. 67. 

. - Xautilus, vi. 1892, p. 82. ® Journ. Mar, Zool, i. pp. 3, 9. 
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The nerve-centres which control the chromatophores or pigment 
cells, causing them to expand or contract, are found to connect 
with the optic ganglia; hence the changes of colour may be 
regarded as a reflex result of the creature's visual perception of 
its surroundings. 


Order Dibranchiata 

Cephalopoda with two symmetrical branchiae, funnel com- 
pletely tubular, mouth surrounded by 8 or 10 arms furnished 
with suckers or hooks, ink-sac and fins usually present, eyes with 
a lens ; shell internal or absent. 

The Dibranchiata are not known from Palaeozoic strata, and 
first appear {Bdemnites, Belemnoteuthis) in the Trias. Whether 
they are to be regarded as derived from some form of Tetra- 
branchiata, e.g. Orthoceras, or as possessing an independent origin 
from some common stock, cannot at present be decided. They 
attain their liighest development at the present time. The 
earliest representatives of the Order (the F/iragmophora) possessed 
a shell cliambered like that of the Tetrabranchiata. Tliesc 
chambered Dibranchiates rapidly reached their maximum in the 
upper Lias and as rapidly declined, until at the close of the 
Cretaceous epoch they were comparatively scarce, only a few genera 
(Beloptcra, Spirulirostra) surviving into Tertiary times. 

The ordinary Dibranchiate Cephalopod may be regarded as 
consisting of two parts — (a) the head, in which are situated the 
organs of sense, and to which are appended the prehensile organs 
and the principal organs of locomotion ; (6) a trunk or visceral 
sac, enclosed in a muscular mantle and containing the respir- 
atory, generative, and digestive organs. The visceral sac is often 
strengtliened, and tlie viscera protected, by an internal non-spiral 
shell. The ' arms ' which surround the mouth are modifications 
of the molluscan foot (p. 200), and are either eight or ten in 
number. In the former case (Octopoda) the arms, which are 
termed ‘sessile,' are all of similar formation, in the latter 
(Decapoda), besides the eight sessile arms there are two much 
longer ‘ tentacular ' arms, which widen at their tips into ‘clubs’ 
covered with suckers. 

Remarks have already been made on the generative organs 
of Cephalopoda (p. 136 f.), the branchiae (p. 170), the nervous 
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system (p. 206), the eye (p. 182), the riidula (p. 2:'»G), and the 
ink-sac (p. 241). 

One of the most characteristic features of tlie Dihraiichiata 
are the acetahulay or suckers, with whicli the 
arms arc furnished. They are usually disposed /\ 

on the sessile arms in rows (of whicli there are I 'ijm 

four in most Sejyia, two in Octojnis, and one in 
Medone), and become more numerous and smaller 
at the tip of the arm. They are massed togiithei* 
in large numbers of uneipial size on the ‘ clubs ’ 
in the Decapoda, particularly in Lolltjo, In most 
Octopoda their base is Husli with the surlVice of 
the arm, but in Decapoda the acetabula are ped- 
unculate, or raised on short stalks. In Octopoda 1 

again, the acetabula are fleshy throughout, lint l 

in the Decapoda they are strengthened ))y a \ \ 

corneous rim with a smooth or denticulate edgii \ \ 

(pmvKistrephcSy Arcldteuthis), Many of the \^\ 

acetabula on the tentacular and sometimes on Pia 239. — ‘Club* 
the sessile arms of the Onychoteuthidac enclose L?' hIww' 

a powerful hook, which is retractile like the ing tho orowtltMi 
claws of a cat. xj. 

In mechanical structure the acetabula consist 
of a disc with a slightly swollen margin, from which a series of 
I T ■! muscular folds converge towards the centi*e of tin* 

V disc, where a round apeitiirc IcNids to a gradually 

widening cavity. Witliin this .cavity is a sort of 
/ button, the carv/mle, which .can l)e elevated or 
L M m depressed like the ])iston of a syringe,; thus when 

^ the sucker is applied tlie pistoii is withdrawn and 

Fia^240^**^Ono ^ created (Owen). * 

of the suckiM In many Octopoda the arms are connected by 
oi Architenihm /the unibrella'), which sometimes extends up 

rte Stp.,slio\v- I • 

iiig the denti- the greater jiart or the arms {(JvrrkotcutktHy sonuj 
culate margin at others occurs oiily at the base. Tlui 

ring; ped- use of the umbrella is perhaps to assist in loco- 
uncle. motion, by alternate contraction and exjiaiision. 

A cartilaginous skeleton is well developed, esjiecially in the 
Decapoda. In Sepia a cephalic cartilage forms a complete ring 
ro.und the oesophagus, the eyes being situated in lateral prolonga- 


Fia. 240. — Ono 
of the suckers! 
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tions of the same. In front of the cephalic cartilage occurs a 
piece like an inverted T, which supports the base of the anterior 
arms. The Decapoda have also a " nuchal * cartilage, connecting 
the liead with the anterior dorsal portion of the mantle, while 
cartilaginous knobs on the ventral mantle button into correspond- 
ing sockets on the funnel. 

Sub-order I. — Octojioda , — Body round or bag-like, generally 



Fia. 241. — Cirrhoteuthi^ magna Hoyle, S. Atlantic. Two of the left arms and their 
web have been removed : /, funnel ; fins ; mouth. (After Hoyle, x j^.) 


without fins, arms eight, suckers fleshy, usually sessile, oviducts 
paired, no nidamental glands, shell absent. 

Fam. 1. Cirrlioteuthidae , — Body with two prominent fins; 
arms in great part united by a web ; one row of small suckers, 
with cirrhi on each side. — Atlantic and Pacific Oceans, deep 
water (Fig. 241). 

Fam. 2. Amphitretidae . — Body gelatinous, mantle fused with 
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the funnel in the median line, forming two openings into the 
branchial cavity ; arms with one row of suckers ; umbrella 
extending more than two-thirds up the arms. — South Pacific 
(Fig. 242). 

The two pocket-like openings into 
the branchial cavity ai*e unique among 
Cephalopoda (Hoyle). 

Fam. 3. Argonautidae, — Female 
furnished with a symmetrical, unilo- 
cular shell, spiral in one plane, secreted 
by thin terminal expansions (the vela) 
of the two dorsal arms, no attach- 
ment muscle ; suckers in two rows, 
pedunculate ; male very small, without 
veligerous arms or shell. — All warm 
seas (Fig. 243). Pliocene . 

Tlie shell consists of three layers, 
the two external being prismatic, the is.: e, eyes ; /, funnel ; p, 
middle fibrous. Its secretion by the ngiit^nmiitlo- pocket. (Alter 

arms and not by the mantle edge is 

unique, and shows that it is not homologous with the ordinary 
molluscan shell. 

The great controversy on the Argonauta, whicli once raged 
with so much fierceness, is now matter of ancient history. It 


Fip. 243 . — Argonauta argo 
L.,'the poNition asHunied 
by a Hpecimen kept in 
captivity, the arrow show- 
ing the direction of niove< 
inent : /, funnel ; m, inoiith, 
with jaws projecting ; s/p, 
shell, with arms as seen 
through it ; webbed 
arm clasping shell. (After 
Lacaze-Duthiers. ) 


sh 

seems scarcely credible that between fifty and sixty years ago, 
tPwo of the leading zoologists of the day, Mr. Gray and M. do 
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Blainville maintained that the animal which inhabits the 
Argonaut shell is a parasite, without any means of depositing 
or forming a shell of its own, but which possesses itself of the 
Argonaut shell, either by expelling or succeeding the original 
inhabitant, a supposed nucleo-branchiate (Heteropod) mollusc akin 
to Carinaria, The final blow to this strange hypothesis — which 
was urged by the most ingenious series of arguments — was given 
by Professor Owen, who in 1839 brought before the Zoological 
Society of London the admirable observations of Madame 
Jeannette Power, who made a continuous study of a number of 
specimens of Argonauta in her vivarium at Messina. The 
result of these observations tended to show that the young 
Argonauta when first excluded from the egg is naked, but that 
in ten or twelve days the shell begins to form ; that the 
principal agents in the deposition of shell are the two velated or 
web-like arms ; and that portions of the shell, if broken away, 
are repaired by a deposition of calcareous matter.^ 

Fam. 4. Philonexidae. — Mantle supported by two ridges 
placed on the funnel; large "aquiferous’ pores (supposed to 
introduce water into the tissues) near the head or funnel ; suckers 
in two rows, pedunculate. — Atlantic and Meditcrrani^an. 

(lenera ; Ocythoe, arms of unequal size, no intervening inein- 
brano, third arm on the right hectocotylised (see Fig, 51 p. 138), 
two aquiferous pores at the base of the siphon ; male very small ; 
Tremoctopm, two aquiferous pores between the eyes, two on the 
ventral side of the head. 

Fam. 5. - Mantle edge united to the head by 

three commissures; arms extensively webbed, acetabula sessile. 
Hectocotylised arm developed in a cavity in front of the right 
eye. — N. Atlantic. 

Fam. G. Octopodidae, — Head very large, arms elongated, 
similar, more or less webbed, acetabula usually in two rows, sessile ; 
mantle supported by fleshy bands, no cephalic aquiferous pores. 

In Octopus proper the web is usually confined to the lower 
part of the arms ; Fischer separates off as Pteroctopus a form in 
which it reaches almost to their extremity. The third right 
arm (Fig. 52, p. 140) is hectocotylised, the modified extremity 
being, according to Hoyle, sometimes minute, sometimes spoon- 
shaped, with a tendency to transverae ridges, rarely slender and 
^ Rep. Brit. Assoc. 1844, Transactions p. 74 ; P. Z. S. 1839, p. 35. 




XIII 


DECAPODA 


38s 



very long. The relative length of the pairs of arms varies in 
different species. Two cartilaginous stylets, imbedded in the 
dorsal mantle, are said by Owen to represent tlie sliell. 

Other genera ; Pinnovtopus, body fumislied with broad lateral 
wings wliich meet at the posterior end ; Cistojyus, a large web 
prolonged along the sides of 
the arms, fitted with oval 
aipiiferoiis poiiclies, with pores 
at their base, between each 
pair of arms ; Elcdone ( Kig. 

244), one row of acetabula ; 

2Vi taxcop as, lapeiell a. 

Sub-order II. — Decapoda. 

— Hody oblong, month sur- 
rounded by ff)ur paiis of sessile^ 
and one pair of temtacular arms, 
tlui latter terminated by a 
‘ club’; acetal )ula pedunculate 

and furnislied with a corneous Pw* *lU. — Kledone AMrommJi Delle Cliiujc 
. ,1 •111 Naples, from ventral sitle. x A. 

margin ; maiitle margin locked 

to tlie base of the funnel by a cartilaginous apparatus; luuid and 
anterior jiart of liody furnished with a,(|uirerous pores; lins 
present ; mandibles (iorneous ; oviduct single, large nidameutal 
glands in the female ; shell internal. 

The tentacular arms, wliich are tlie jirincipal external feature 
of the Decapoda, are not derived from the same muscailar ring as 
the sessile arms, but arise from the cephalic cartilage and emerge 
betw’een the third and fourth arm on each side. In i^e/pia they 
can be entirely retracted into a kind dl‘ pocket b(*Jiind the eyes, 
while in Lolujo they are simply folded over one another. In 
Oki rntealhis the arms are six times as long as the body, and tlie 
clubs have four rows of denticulate suckers. 

The anterior veiitraP portion of the mantle is furnished with 
a singidar contrivance for hx^king it to the funnel, and so render- 
ing the whole animal more capable of resisting the impaijt of any 
force. This contrivance generally consists of a si^ries of ridges 
or buttons which fit into grooves or biitton-holtis, the ridges being 
on the interior face of the mantle and the corresponding grooves 

^ It is convenient, but not niorphologically correct, to apply the tcrriiH Neutral* 
aud'Morsal’ in this sense. 

VOL. Ill . 2 C 
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on the funnel, or vice versd. This ' resisting apparatus ’ is most 
elaborate in the pelagic genera, and least so in the more sluggish 
littoral forms. A similar, but not so complex, arrangement 
occurs also in the Octopoda. 

The different forms of the shell appear to indicate successive 
stages in a regular course of development. We have in Spirvla 
(Fig. 247) a chambered shell of the Tetrabranchiate type, but of 
considerably diminished size, which has ceased to 
contain the animal in its last chamber, and has 
become almost entirely enveloped in reflected folds 
of the mantle. These folds gradually concrescc to 
form a definite shell-sac, by the walls of which arc 
secreted additional laminae of calcareous shell- 
substance. These laminae invest the original 
shell, which gradually {Spirulirostra, Belosepia) 
loses the spiral form and becomes straiglit, eventu- 
ally disappearing, while the calcareous laminae 
alone remain (^Sepia). These in their turn dis- 
appear, leaving only the plate or ‘ pen ' upon which 
they were deposited (Loligo), whicli itself also, 
with the shell-sjic, finally disappears, surviving 
only in the early stages of Octopus (].ankester). 

The Decapoda are divided, according to the 
character of the shell, into Phmgmo^jhora, Sepio- 
phoriij and Ckondrojtliora} 

A. rilUAciMOPHOHA. — Arms furnished with 
. hooks or acetabula; shell consisting of a phraq- 
of Onychoten- viocone or cliaiiiberecl sac enclosed in a thin wall 
in** the hooks conotkccii), septa pierced by a siphiincle near 
and clusters of the Ventral margin (in Spirula alone tins cham- 
and\cetabuH foriiis the wliole of the shell). The 

below iiieni. apex of the cone lies towards the posterior end of 
the body, and is usually enveloped in a calcareous 
guard or rostrum. Beyond the anterior end of the rostrum the 
conotheca is extended forward dorsally by a pro-ostracum or 
anterior shell, which may be shelly or horny, and corresponds to 
the gladius of the Chondrophora. The rostrum consists of 
calcareous fibres arranged perpendicularly to the planes of the 
laminae of growth, and radiating from an axis, the so-called 
^ 0/>a7/ios, partition ; a'tjirioy, cnttle-bone ; iowg cartilage. 
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apical line, which extends from the extremity of the phragmocone 
to tliat of the rostrum. Distrihution, see p. 380. 

Fam. 1. Spirulidae. — ^Arms witli acetabula, sliell a loose 
spiral, without rostrum or pro-ostracum, partially external, 
enclosed in two lobes of tlie mantle (Figs. 247 and 248). 

The single species of the single genus (/?. Peronii Lam. = lacvis 
Gray) has not yet been thoroughly investigated, although the 
shell occurs in thousands on many tropical beaches, and is S(»me- 
times drifted on our own shores. Tlie animal appears to liaA e 
the power of adhesion to the rocks by means of a terminal sucker 
or pore. Tlie protoconcli is present, 
and contains a prosiphoii, which does 
not connect with the sipliuncle. Tlie 
septal necks are continuous, not broken 
as ill Nautilm, The siphuiicle is on 
the ventral margin of tlie shell, the 
last whorl of whicli projects slightly on 
the dorsal and ventral sides, but is 
even there covered by a thin fold of 
the mantle. The retractor muscles of 
the funnel and of the head find their 
point (Vappui on the sliell, the last 
chamber of whicli contains the pos- 
terior part of the liver, with which the 
membranous sipliuncle is connected. 

Fam. 2. Belemnitidae, — ^Arms hooked 
as in Onyclioteuthis, fins large; phrag- 
mocone straight, initial chamlier globu- 
lar, larger than the second, rostrum 
often very long, investing the phrag- 
mocone, pro-ostracum sword- or leaf- Pai. 2i6.Se2na offidnalia L., 

shaped, rounded in front, seldom pie- si,ow poHitiou of internal 
served, ink-sac present. — Lower Lias '***®i** (The emis of the 

^ , * tentacular arnitt arc cut off.) 

to Cretaceous. 

The Belemnitidae are believed to have been gregarious, and to 
have lived in shallow water on a muddy bottom. Specimens are 
sometimes found in which even the ink-sac can lye recognised in 
situ. The relative proportions of rostrum and phi^gniocone vary 
greatly in different groups, the rostrum l)eing in some cases 
two. feet long, in others only just enclosing the phragmocone. 
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As a rule the rostrum is the only portion which has been 
preserved. 

Fam. 3. Belosepiidae , — Phragmocone short, slightly curved, 
chambers small, placed at the posterior end of a sepion, rostrum 
solid, obtuse. — Eocene (Paris, Bracklesham, etc). 

Fam. 4. Belopteridae. — Sepion not known; phragmocone 
curved, siphuncle on the ventral margin, rostrum well developed, 
pointed. Principal genus, Spiruliroslra , — Miocene of Turin. 

These two families, with their small, curved 
phragmocone and (in the case of the Belose- 
piidae) large sepion, are clearly intermediate 


Fia. 248. — Spirilla Per- 
onii Lam.: d, ter- 
minal sucker ; /, 
funnel ; 9^, % pro- 
jecting portions of 

Fio. 247. — Shell of Spirvla Peronii Lam A, Outside view ; B, shell, the internal 

showing last chamber and position of siphuncle ; C, in section, part of which is 

showing the septa and course of siphuncle ; D, shell broken dotted in. (From 

to show the convexity of the inner side of the septa ; E, por- Owen and A. Adams 

tion of a septal neck. combined.) 

between the Phragmophora and Sepiophora. Some authorities 
place .them with the latter group. 

B, Sepiophora. — Shell internal, consisting usuall 7 of (a) an 
anterior cancellated portion, (p) a posterior laminated portion, 
the laminae enclosing air. It terminates in a very rudimentary 
phragmocone and a jostrura, but there is no siphimcle. 

' Fam. Sepiidae. — Eyes with cornea complete, body oval, fins 
narrow, lateral, as long as the body, generally united behind ; 
wSsije arms short, tentacular arms long, acetabula generally in 
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four rows, fourth left arm in the male 'hectocoty Used near the 
base (Fig. 249). — World-wide. 

The sepion or ' cuttle-bone ’ runs the whole length and width 
of the body. In Sepia it is very thick in front, while the 
posterior ventral end is concave and terminated by a prominent 
spine, the rostrum or mucro^ which points downwards. The 


whole shell is surrounded by a thin 
chitinous margin, which forms a 
lateral expansion. Other genera are 
Sepiella, HemisepiuSy and Trachyteu- 
this (fossil only). 

C. CliONDROPHORA. — Shell (//Zodii^s 
or pen) long, chitinous. 

(a) Myopsidae : ^ cornea entire, 
species mostly suh4ittoral. 

Fam. 1, Sepiolidae. — Fins large, 
dorso-lateral ; tentacular arms retrac- 
tile ; two first dorsal arms in the 



Fia. 249. — Hectocotylisod arm {h,a) 
of Sepia officinalis L.,. shown in 
contrast to one of the ordinary 
sessile arms ; mouth ; p, 
pocket into which the tentacular 
arm is retracted. 


male hectocotylised ; gladius narrow, half as long as the body. — 


World-wide. 


Principal genera : Sepiola, dorsal mantle connected with the 
head by a broad cervical band, ventral mantle with the funnel by 
a ridge fitting into a groove ; Rossia, dorsal mantle supported 
by a ridge, arms with never more than four rows of acetabula ; 
Inioteuthis, Stoloteuthis, Nectoteuthis, and Promachoteuthis. 

Fam. 2. Sepiadariidae. — Fins not as long as the body, mantle 
united to the head on the dorsal side, fourth left arm in the 
male hectocotylised ; no gladius. Principal genera, Sepiadarium, 
Sepioloidea, — Chiefly Pacific Ocean. 

Fam. 3. Idiosepiidae, — Fins very small, terminal; fourth 
pair of arms in the male hectocotylised, bare of suckers. 

The only genus, Idiosepion, with a single sjiecies (7. pyg- 
maeum Stp.) is from the Indian ocean, and is the smallest 
known Cephalopod, measuring only about 16 mm. in length. 

Fam. 4. Loliginidae. — Body rather long, fins varying in size, 
tentacular arms partially retractile, gladius as long as the back, 
pointed in front, shaft keeled on the ventral side. — World-wide. 

Loligo proper has a pointed body with triangular posterioi* 
fins united behind; sessile arms with two rows of acetabula. 


^ close the eyes ; sight ; contrasted ttrith Oigopsidae {elyta, opes^- 
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tentacular arms with foui* ; fourth left arm hectocotylised at the 
tip ; funnel attached to the head. Other genera are Loligiiincula, 
Sep ioteut/iis, and Lolioim, Belemnosepia, Belote/uthis^ Lepf.oteu- 
this, and Phyllotenthis are fossil genera only, differing in the 
shape of tlie gladius. 

Q)) Oigopmdiu : cornea more or less open ; species p)elagic, 

Fam. 5. Ommastrephidae . — ^Body cylindricfil, fins generally 
terminal, united together, regularly rhomhoidal, sessile arms with 
varying number of rows of acetabula, mantle connexions elabo- 
rate ; gladius lioniy, narrow lanceolate, with a liollow cone at 
the posterior end. — World-wide. 

Ommastrephes proper lias a* natatory web on the sessile arms; 
the wrist of each club has a series of acetabula with correspond- 
ing cushions on the other wrist. In Tkysdnoteuthis (often made 
a separate family) the sessile arms have two rows of cirrhi, with 
lateral expansions of the skin; fins as long as the body. In 



fixing cushions niid acetabula on the tentacular arms (^, t), (After Verrill. x ) 

Architeuthis, to whicli belong the largest Cephalopoda known, 
tlie fins together are shaped like a broad arrow-head; acetabula 
of sessile arms strongly denticulate ; tentacular arms very long, 
with equidistant pairs of acetabula and fixing cushions through- 
out their entire length, and a group of the same at the base of 
the club. The acetabula and cushions correspond on the oppos- 
ing tentacles, and enable them to pull togetjer. Other genera 
are Dosidicus, 'Podarodcs, Illex, Bathyteuthis and MastigoteActhis, 
Fam. 6. Onychoteuthidae, — ^Body cylindrical, fins tenninal or 
lateral, mantle-locking apparatus elaborate, tentacular arms very 
long, sessile or tentacular arms furnished with retractile hooks, 
gladius lanceolate, with a terminal cone. — World- wide. 

The prehensile apparatus of Cephalopoda reaches its maximum 
of power and singularity in this family. In Onychia, Onycho- 
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tcuthis, and A/wisfroteuthis, the sessile arms liave acetabula only, 
in Gonutiis and Ahralia they have hooks as well, while in 
Venmia, AmistrocUirnii and Enoj)loteuthi.% the sessile arms have 
liooks only. The iiuml)er of rows of hooks or acetabula varies 
witli the dilferent genern.. 

Faaf. 7. ChiroteutMdae , — Head nearly as large as the body ; 
fins terminal, tentacular arms very long, 


sessile arms slightly webbed, acetabula 
denticulated; mantle-supports consisting 
of cartilaginous ridges on the nuintle, 
which fit into corresjjonding deiiressions 
on the funnel, gladius expanded at each 
end. — Atlantic Ocean. 

The six dorsal arms in Histioteut/ria 
are united by a broad web, while in 
J/ifitri apsis the web only reaches half 
way up the arm. In Chirotevthis the 
tentacular arms have scattered sessile 
suckers throughout their whole length, 
and four rows gf very long peduucu- 
lat(5 suckers on the clubs, 

FA^r. 8. Ch^anrhiidae, — Head small, 
body rounded, barrel-shaped, fins termi- 
nal, eyes often very large, sessile arms 
short, tentacular arms long, thread-like. 
— Woi*ld-wide. 

Cranchia proper has the tentacular 
clubs finned, with eight rows of suckers, 
body sometimes covered with warty 
tubercles. Loligopsis has a very attenu- 
ated body, with fins tenninally united ; 
some species are spotted with colour, 
or have rows of tubercles on the ventral 
side. Taon^us (Fig. 251) is doubtfully 
distinct from Loligopsis, 



Fio. 2.^5 1. — Taoniva hyperlmeva 
Stp., N. Atlantic : c, eycH ; 
/, /, fins ; If, tentacular 
ariiiH. (After Hoyle, x J). 


Order Tetrabranchiata 

Cephalopoda with four branchiae and four kidneys ; animal 
inhabiting the last chamber of an external multilocular shell ; 
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funnel consisting of two separate lobes; tentacles numerous, 
without suckers or hooks ; no ink-sac. 

The shell consists of two layers, the outer being porcellanous, 
and the . inner, as well as the walls of the chambers or u^ta 
nacreous. The septa vary greatly in shape. In most of the 
Nautiloidea they are regularly curved, as in Nautilus, or 
straight, os in Orthoceraa, but in the Ammonoidea they are often 
exceedingly complex. The edge of the septum, where it unites 
with the shell-wall, is called the suture, and the sutural line, 
which isfiabt seen until the porcellanous layer is removed, varies 
in shape with the septum. 

The septa are traversed by a membranous tube known as the 
siphunde, which in Nautilus is said by Owen to connect ulti- 
mately with the pericardium. The septal necks, or short tubular 



Fio. 252 . — Nautilus ponipilius L., in section, showing the septa («, «), the septal necks 
8,n)f the siphunde dotted in (««), and the large body chamber (c^). 


prolongations of the septa where they are perforated by the 
siphunde, are in the great majority of the Nautiloidea directed 
backwards (Fig. 252), i.e., they project from the front wall of 
each chamber, while in nearly all Ammonoidea they are directed 
forwards. When the siphunde is narrow, as in the Ammon- 
bidea, it is simple, but when wide, as in many of the Nautiloidea,* 
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its walls are often thickened by the deposition of mosses of cal- 
careous matter, or by rings and radiating lamellae of the same 
material In position, the siphuncle is sometimes central, some- 
times sub-central, sometimes (Ammonoidea) 
marginal In some cases its position is 
believed to change during the growth of 
the individual The precise object served 
by the siphuncle is at present miknown. 

Some hold that it preserves the vitality of 
the unoccupied chambers, by connecting 
them with the soft parts of the animal ; ®'io- 268 {^- 

_ _ 11*1 dOCCTttSf D0WD«| 

others have regarded it as a means for Keliaway's Rock, show- 
lightening the shell by the passage of some 
gas into the chambers. 

The initial chamber in Nautiloidea consists of an obtuse 
incurved cone, marked on the outer surface of its posterior wall 
by a small scar known as the cicatrix, which may be slit-like, 
round, oval, or cruciform in shape. It has been held that the 
cicatrix originally communicated with the protoconch or larval 
shell, which probably dropped off as development proceeded. In 
the Ammonoideii, on the other hand, there is no cicatrix, and the 
initial chamber probably represents the protoconch, as seen in the 
nucleus of many Gasteropoda. 

Sub'Order 1. Nautiloidea, — Shell straight, bent, or coiled, 
aperture simple or contracted ; siphuncle often narrowed by 
internal deposits, position variable ; septal necks short, usually 
directed backwards ; septa concave towards t^e aperture ; initial 
chamber conical, witli a cicatrix on the posterior wall. 

The Nautiloidea, of which Nautilus is the' sole living repre- 
sentative, date back to the Cambrian epoch, and attain their 
maximum in the Silurian and Devonian. At the close of the 
Palaeozoic era, every family, with the sole exceptions of the 
Orthoceratidae and Nautilidae, appears to have become extinct. 
The former disappear with the Trias, and after the lapse of the 
whole Secondary era, Aturia, a form closely related to Nautilus, 
makes its appearance. 

(a) Betrosiphonata : septal necks directed haxkwards, 

Fam. 1. Orthoceratidae} — Shell straight or slightly curved, 
aperture simple, body -chamber large ; siphuncle cylindrical, 
The classification is that of Foord, Catal, Fossil Cephal, Brit. Mus., 1888. 
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position variable. Single genus, Orthoeeras (Fig. 254). — Cain- 
Inian to Trias. 

Fam. 2. Endoeeratidae, — Shell straight, siphuncle wide, mar- 
ginal, septal necks produced into tubes fitting into one another. 
Principal genera : Endoceras (specimens of which occur six feet 
long), and Piloccra^. — Ordovician. 

Fam. 3. Actinoceratidae, — Shell straight or slightly curved, 

siphuncle wide, contracted at 
the septa by obstruction-rings. 
Principal genera : Actinoceras, 
Discosorus, ITuronia, Sactoceras, 
— Ordovician to Carboniferous. 

Fam. 4. Goinphoceratidm , — 
Shell globular, straight or con- 
siderably curved, aperture nar- 
rowed, T-shaped, body-chamber 
large, siphuncle variable in posi- 
tion. The aperture is in some 
cases so narrow that jirobal)!}’ 
only the arms could bo pro- 
truded. Principal genus, Gom~ 
Silurian. 



A B 

Fig. 254. — A, Section of Orthoeeras^ 
showing the septa {s, «), and siphuncle 

(si, si); B, portion of the exterior of phocevas (Fig. 255) 


Orthoeeras annulftinm Sowb.j 
(Wood Wardian Museum, Cambridge. ) 


Fam. 5. Ascoceratidae , — Shell 


sac -like or flask -shaped, apex 
truncated, unknown, body-chamber occupying nearly the whole 
of the shell on the ventral side, contmeting at the aperture, last 
few septa coalescing on the dorsal side and encroaching upon the 
body chamber. The young form has a symmetrical shell like 
Orthoeeras, attached to the sac-like slxell above described ; as 
growtli proceeds the former portion is tlirown off. Principal 
genera : Ascoceras, Glossoceras, — Ordovician and Silurian. 

Fam. 6. Foterioceratidae, — Shell fusiform, contracted at botli 
ends, aperture simple, siphuncle variable in position, inflated 
between the septa. The form generally resembles Gomphoceras, 
except for the simple aperture and fusiform shape. — Ordovician 
to Carboniferous. 

Fam. 7. Cyrtoceratidae, — Shell conical or sub -cylindrical, 
slightly curved, body-chamber large, siphuncle variable in posi- 
tion. Single genus, Cyrtoceras, — Cambrian to Carboniferous. 

Fam. 8. Lituitidae. — Shell coiled in a flat, sometimes loose 
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spiral, last whorl straiglit, containing the hody-chainber, often 
greatly prolonged. Principal genera : TAiuiteSj Ophidioceras , — 
Ordovician and Silurian. 

Pam. 9. Trochoeerntidac , — Sliell helicoid, with seldom more 
tlian two whorls, dextral or sinistral, last whorl sometimes 
partly uncoiled. Ihincipal genera : Trochocerm, Adefphoeeras , — 
Ordovician to Devonian. 

Pam. 10. Nmiiilidae . — Sliell with few whorls more or lt»as 
overlapping, septa sim))le, siphuncle central 
or sub-central, aperture not contracted. 

The ‘tentacles* are about 90 in number, L M J 
and consist of four groiqis each of 12 or Dl 
laViial tentacles surrounding the inoutli, two 
groups each of 17 larger (brachial) tentacles / \ 

on each side of the liead, two thicker tenta- , _ 

cles which coinliine. to form the ‘ hood,* and 
two small tentacles on each side of the eye. 

Wlieii the animal swims, the tentacles aie j 

extended radially from the head, somewhat ^ 

lik(? those id a sea-anemone. Th(‘, direction of 

th« luaiiy iKiira <.f teiitjicles at coiiHtiint Inif, 

different angles from the head is the most Siluriim: B, aperture* 

strikiiifT feature in the living Nautilus, ami i"pL f *rposiiioi’. of 

accounts for its being descrilKMl, when seen sipimncie. (After 

on the surface, as ‘ a shell with something like 

a cauliflower sticking out of it.* ^ The funnel is not a complete tube, 

liiit is formed by the overlapping of the margins of two thin fleshy 

lobes (which are probably morphologically epipodia), so tliat when 

tlie two lobes are imrted,a broad canal appears, leading to the bran- 

chial cavity. The head is conical, and tlie mouth and its appendages 

can be retracted into a sort of sheath, over which fits the ‘liood.* 

Other genera are 2'rocholites, Oyrocerm, Henweeras, Discites, 
Aturia . — Ordovician to present time. 

Pam. 11. Bivctritidae , — Shell straight, conical, siidiuncle 
small, marginal, septal necks long, funnel-shaped, sutures undu- 
lating, with a sinus correspomling to the siphuncle. This family, 
from the form of its sutures, ap])ear8 to constitute a passage to the 
Ammonoidea. Single genus, Bcuitrites , — Silurian and Devonian. 

(6) Prosiphonata , — Septal necks directed 
. ^ Saville Kent, Proc, Roy, Soe, Queensland^ vi. p. 229. 
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The two genera are Bathmoceras (Ordovician), sliell straight, 
conical, always truncated, siphon marginal; and Nothoceras 
(Silurian), shell naiitiloid with simple sutures. 

Sub-order 2. Ammonoidea , — Shell imiltifonn, straight, 
curved, flat spiral, or turretted, sutural line more or less complex, 
siphimcle simple. 

Some authorities hold that the members of this great sub- 
order, now totally extinct, belong to the Dibranchiata, on the 
gi-ound that the protoconch resembles that of Spinda ratlier 
than that of the Nautiloidea. Others again regard the Am- 
moiioidea as a third, and distinct Order of Cephalopoda. Their 
distribution extends from the Silurian to (possibly) the early 
Tertiary. No trace has ever been found of an ink-sac, mandible, 
or hooks on the anus ; the shell was undoubtedly external. 

The sutural line, which indicates the septa, and is generally 
concealed beneath the outer layer of shell, consists of a number 
of lohes or depressions, the concave part of which is directed 
towards the aperture. Between these lobes lie corresponding 
elevations, or saddles, the convex part of which is directed 



Fio. 256. — Diagram of the sutures of 
Ammonites : A, an elaborate suture 
(Phylloceras) ; B, a simple suture 
(Ceratites) ; s.s, siphonal, j.r, ven- 
tral, 5./, first lateral, s.l', second 
lateral saddles ; s.a, s.a, auxiliary 
saddles ; l.v, ventral, /, first lat- 
eral, l\ second lateral lobe ; l.a, 
f.ff, auxiliary lobes. Tlie arrow 
points tovjardi the aperture. (From 
Woodward.) Compare Fig. 268. 


towards the aperture. There are six principal lobes (Fig. 256) 
the siphorml or ventral, which is traversed by the siphuncle, the 
dorsal, and a superior and inferior lateral on each side ; smaller 
ajixiliary lobes may succeed these latter. The adjacent saddles 
liave received corresponding names. As a ride the sutural line 
is very complex, but in some cases (Goniatites, Lohites) it is 
simple (Fig. 258, A). The first saddle of a large number of genera 
serves as a means of classification, according as it is broad or 
narrow. Some authorities reverse the terms ventral and dorsal, 
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as applied above. It is probable, however, that the position of 
the animal of Ammonites in its shell resembled tliat of Nautilus. 
The siphuncle is dorsal (internal) in 
Clymenia only, ventral (external) in all 
other genera. 

The cqitychus of Aiiimonoidea. is a 
corneous or calcareous valve-like body, 
generally formed of two symmetrical 
yjarts (Fig. 257). It has been regarded 
))y some as tlie covering of the nida- 
mental gland, and lumce as occurring Fia. 257.— Aptyclms of Ammonite 
only 111 the female, by otliers, with more meridgo Clay, Ely. x j. 
probability, as an opeiuailum, covering 

or imbedded in a hood ibrmed, as in Nautilus, of modi tied arms. 
Sometimes the Aptychus is in a single piece (^Ana^itychus), some- 
times the two yiieces are united on the nu'dian line {fiynaptyehus). 

The Ammonoidea are tliiis classified by Dr. V. Fischer: — 



(a) Retrosiplioiiata . 


(6) Prosiplionata' 


No Aptychus or 
Anaptyclius 
corneouH, 
single 


I' First saddle, 
widt' 


First saddle, 
narrow 


(foniatitidae, 
j Arcestidae, Trojdtidae, 

I Ccratitidfie, (Jlydoniiidae, 

[ IHiuicoeeratidiU^, Ainal- 
theidae, A wmwidiidm, 
Lytoceratidae. 


AptycliUH calcareous, valves ^ Harpoccraiidme, Hteyhaim- 
double or united ( evratiduf. 


(a) Itetrosiphonata. Fam. 1. Gordatitidae, — Shell nautiloid, 
whorls sometimes disjoined, sijdiuncle ventral or dorsal, sutures 
simple. Principal gimera: Clymenia, Goniatites, (Fig. 258, A). 
— Devonian to Carboniferous. 

(/>) Prosiplionata. Fam. 2. Arcestidae . — rShell* globular, smooth 
or striated and rayed, body-chamber very long, aperture often 
with a yirojectiiig hood, umhilicus closed by a callosity, lobes 
numerous, foliaceous, aptychus present. Principal genera: Areestes, 
Ldbites. — Princijially Trias. 

Fam. 3. Tropitidae. — Differs from Arcestidae mainly in the 
mure highly ornamented surface, which is decomted with ribs 
which become granular at the periphery. Principal genus, 
Tropites. — Trias and Lias. 

Fam. 4. Ceratitidae. — -Shell ribbed and tuberculated, body 
chamber short, lobes denticulated, siiddles simple. Principal 
genera: Ceratites (Fig. 258, B), 'Prachyceras . — I’rincipally Trias. 
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Fam. 5. Clydonitidae. — Shell variable in fomi, body-ehaiiiber 
sliort, sutural line undulated, simple. Principal genera: ClydoniteSy 
CkoristoceraSy BhaldoceraSy Cochloceras. — Trias. 

Fam. 6. Pincicoceratidae. — Shell discoidal, usually smooth, 
body-chamber short, sutural line very complex, lobes numerous. 
1^’incipal genera : Pinacoceras, Sageceras. — Carboniferous to Trias. 

Fam. 7. Amcdtheidae, — Shell broad, keeled, last whorl con- 
cealing most of the spire, sutures with auxiliary lobes, incised. 
— Principal genera: Amaltheus, Schloenhav/uiy Bphenodisms.- 
Trias, Cretaceous. 

Fam. 8. Ammonitidae, — Body-chamber lung, whorls narrow. 



Flu. 258. — Various forms of Ammonoiclea : A, (Joniatites crenutria J. Phil., Carb. 
Limestone ; B, Ceratites tiodosus de Uaiiii., Miuschelkalk ; C, AwmoniteJi (Parkin- 
sonia) Parkirisoni Sowb., liif. Oolite ; D, Phylloccras hcienuthyllum Sowb., Ucper 
Lias ; n, sutural hues. 

uncovered, more or less ribbed, aperture simple, sutural line 
normal, aptyclius single, corneous, l^rincipal genera : AmmoniteSy 
Aegoeeras ,- — Principally Lias. 

Fam. 9. Lytoceratidac , — Shell discoidal, body-cliamber short, 
aperture simple, no aptyclius. Principal genera : LytoceraSy 
Phylloceras (Fig. 258, D). — Trias to Cretaceous. 

Fam. 10. Harpoceratidae. — Shell discoidal, compressed, 
margin keeled, siu’face with straight or arched ribs, aperture 
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with lateral projections, suture witli accessory lobes, aptyclius in 
two pieces. Principal genera: Harpocents, Oppelia, Lissocrras. 
— Jurassic to Cretaceous. 

Pam. 11. Stephanoceratidae , — Shell discoidal, lielicoid or 
straight, wliorls sometimes disunited, surfiice often with bifur- 
cating ribs, which are tiibercled, 
aperture often wdtli lateral pro- 
jections, sutural line incised, 
aptyclnis in two lueces, sonu^- 
times united. 

In tlie discoidal group, jSte- 
2^1 a nor.vras is strongly ribbed, 
tuliercled at tlie jioint of bifur- 
cation, Cosworrras has long 
bitmal pr()j(^ctions of the aper- 
ture when young, IWispkinrtcii 
has a large hotly cliamber and 
numerous smootli ribs. Other 
genera are AmnthoceraSy Prlto- 
AspidocoraSy and Jfnjd 
Among the loosely whorled 
genera, iimptiitcfi (Fig. 260, A) 



A B 

Kiu. 259. — A, TurnlUes mltiivlaim (VOrlj, 
Gault ; B, Marroscaphilat tranii irOrb, 
Upper Nvocoiiiiaii. (Fruiu Zittel.) 


lias the last whorl prodiujed and Ijent back again in horse-shoe 
form, while tlie early whorls are concealed ; IfamiUSy llwmnlinay 
and J^tychoccraH have a shell shaped like a single or double liook, 

the sides of which 
may or may not be 
united ; Crioverafi 
(Fig. 2 60, B) in form 
of whorls resembles a 
Spirula, Amyloceras 
a Scft 2 )hites witli 
the first whorls dis- 
un itetL Ma4:r()8ca- 

jdiites (Fig. 259, W) 
^ B is similar, but with 

Fkj. 260. — A, Scaphifes apqualis Sowb., Crctaneous ; B, the first whorls 
Criocents bi/i(rcatamQuGnst.yCret!iceona, (From Zittel.) united a I id Iiot con- 
cealed. Turrilites (Fig. 259, A) is turretted and sinistral, while 
Btuulites is quite straight, with a long body-cliamber. 
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CLASS GASTEROPODA AMPIIINEURA AND PROSOBUANCHTATA 

Order I. Amphineura 

Bilaterally symmetrical Mollusca, anus at the terminal end of 
the body, dorsal tegument more or less furnished with spicules. 

Siib-Order 1. Polyplacophora (Chitons). — Foot co-extcnsive 
with ventral surface of the body, dorsum with eight transverse 
plates, articulated (except in Ghitonelhis)^ a row of ctenidia on 
each side between the mantle and the foot. Silurian . 

The Chitons are found in all parts of the world, ranging in 
size from a length of about half an inch to six inches or more in 
the giant Cryptochiton. Although in the main sub-littoral, they 
occur at very great depths ; the Challenger dicdged Leptochiton 
henthus Hadd. at 2300 fathoms. Chiton Polii exceptionally 
occurs at Malta — teste MacAndrew — ^above sea margin, but 
within reach of the ripple. As a rule, the Chitons live in con- 
cealment, on the under surface of stones or in deep and narrow 
fissures in the rocks. When the stone to which they are 
attached is turned over, they crawl slowly to the side which is 
not exposed, as if disliking the light. An undcscribed species, 
however, which I took at Panama, crawled quite as fast as an 
ordinary snail. Chiton fvlvus Wood, apparently is accustomed 
to crawl with some rapidity. MacAndrew took it in abundance 
on his anchor chain in Vigo Bay every time his yacht was got 
under weigh. He also found it crawling in sand on the shore, to 
,vHiich habit is no doubt due its extreme cleanness and freedom 
from the foreign growths which are so characteristic of many of 
the species. When detached a Chiton contracts the muscles of 
the whole body, and rolls up into a ball like a wood-lousa 
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The Polyplacojyhora are characterised, externally, by their 
usually articulated shell of eight ^ilates or valves, which is 
surrounded and partly kept in position 
by a muscular girdle. These plates over- 
lap like tiles on a roof in such a way 
that the posterior edge of the first, ceph- 
alic, or anterior valve projects over the 
anterior edge of tlie succeeding valve, 
which in its turn overlaps the next, and so 
on throughout. Seven - 
valved nionstrosities 
very rarely occur. 

A certain portion 
of eacli valve is coveriHl 
either by tlie girdle or 
by the valve next an- 
terior to it. This por- 
tion, wiiich is whitish 
in colour and non- 
j)orous in structure, 
forms part of an inner 
layer which underlies 
the rest of the sul)- 
stance of the valv(% 
and is called the arti- 
vidamentmn. The ex- 
ternal portion of the valves, or tejjmentnrn, is 
generally more or less sculptured, and is laigely 
coMij)osed of chitin, impregnated witli siilts of 
lime, thus answering more to a cuticle than 
to a shell proper. It is very porous, l^eing 
pierced by a quantity of minute holes of two 
sizes, known as megalopores and micro2)ores, 
which are connected together by minute 
Fig. 262. — Valves of canals containing what is probably fibrous 
c%i«o«cWw«separated or nerve tissue, the mouths of the pores being 
uppermost): «, a, ar- occupied by sensc organs connected with these 
ticuianientum : t, t, nerves. The tegmentum of the six inter* 
tegmentum. x2. j^gjjate valves is generally divided into three 

triangular areas by two more or less prominent ribs, which 
fOL. Ill 2 D 




Fig, 261. -Valves of a Chit&n 
separated to show the vnri* 
ous parts (anterior valve 
ii])peiTiiost) : a, a, articii- 
hiiiieiitiim ; b, beak ; j, 
juKiiiii ; pi, pi, pleura ; 
t, t, tegmciituin. 
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diverge from the neighbourhood of the median leak or uvibo. 
The space enclosed between these ribs is known as the median 

area or jugum^ the other tw’o 
spaces as the lateral areas or 
pleura. The ribs terminate with 
the edge of the tegmentum, and 
are not found on the articula- 
mentuni. In certain genera these 
ureas are either non-existent, or 
are not distinctly marked. The 
sculpture of the lateral areas (wliich 
is, as a rule, much stronger than 
that of the median area) will 
generally be found to resemble 
that of the anterior valve, which 
has no proper median area. In 
the posterior valve the median 

263. -First, fourtli, and eighth area is very small, while the setil].)- 

valves of a Chiton, showing Li, ture of the rest of the valve cor- 
laminae of insertion ; n, n, notches ; ^ i i i 

s.tf s,i, sutural laminae. x2. icspoiids to that of the lateral 

areas generally (see Fig. 261). 

The articulamentum of the intermediate valves is divided into 
two equal parts in the middle of the anterior edge, oi3posite to 
the beak, by a sinus. Each of the portions thus formed is again 
divided by a notch or suture into two unequal parts, the anterior 
of wliich is known as the sutural lamina, and is more or less 
concealed by the valve in front of it, while the lateral part, or 
lamina of insertion, is entirely concealed by the girdle. I'he 
articulamenta of the anterior and posterior valves are either 
simple or pierced by a series of notches (Fig. 263). 

The girdle of the Chitonidae varies considerably in character. 
Sometimes its upper surfoce is simply corneous or cartilaginoid, 
with no other sculpture than fine striae, at others it is densely 
beset with spines or bristles, or tufted at intervals with bunches 
of decitluous hairs ; again it is marbled like shagreen or mossy 
down, or covered with serpent-like scales. The width of the 
girdle varies greatly, being sometimes very narrow, sometimes 
entirely covering all the valves {Crgptochiton). As a rule, its 
outer edge is continuous, but in Schizochiton it is sharply notched 
over the anua 
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A description has already been given ol* the dorsal eyes in 
Chiton (p. 187), the nervous system (p. 202), the branchiae (p. 
154), the radula (p. 228), and tlie generative system (p. 12G). 
The recent Chitons are thus classified by Dr. W. H. Dali: — 
Section I. Chitonrs EEciULAKES. — Anterior ami jtosterior 
valves of similar chanwter. 

A. Leptoidea, — Insertion jdates ol)Solete, or, if i)resent, 
unslit ; Leptoehiton, Hanleyia, llemiarthrum, Mieroplax, 
l>. Isrhnoidea. — Insertion })lates sharp, smooth, fissured; 
with eaves ; Trachydermon, CallovhiUm, 'fonirella, iS'ehizo- 
j)lax, LepUyplaXy Chaetopleimiy Sjwjiyiochiton, Ischnoehiton^ 
CaUistochiUm. 

C. Lophyroidca . — Insertion plates Inroad, pectinated, jiroject- 



Fkj. ‘2B4. — Ginllfs of 
various Chitoiiiiliiu. 

A, HadsUi « Hint (a 
Wood, X 2 ; B, 
Mauyeria [/ran a~ 
hUa Giiiel., x 3 ; 

C, /ino/flochtfon 
nhjer nartivs, x 3 ; 

D, Acanthttckiion 
fascicular is L., x 
4 ; E, Tonicia fas- 

Sowb., X 4. 


ing backward ; Chiton, Tonicia, Eudoxochiton, Craspedo- 
chiton. 

D. Acantlwidea . — Insertion jilates thrown forward ; Sclero- 

chiton, Acanthopleura, Dinoplax, Middendorjfia, Nuttallvna, 
AHhnria, Phacellopleura. 

Section IL Chitones Ihuegulaues. — Posterior valve 
ahTwrmal, or with a sinus hehiml. 

E. Sehizoidea . — rosterior valve fissured ; Lorica, Echizochiton, 

F. Placiphoroidea , — Posterior valve unslit, internally ridged, 

umbo nejirly terminal ; Enoplochito/i, Ornithochiton, 
Plaxiphora. 

G. Mopaloidea . — Posterior valve with posterior sinus and one 

slit on each side; Mbjmlia, Katherimt, Acanthochiton, 
Notoplax. 
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H. Cryptoidea. — ^With double sutural laminae; Cryptoeonchus, 
Amicula, Cryptochiton. 




a“ 


Fia. 266. 

carinala Tullb. : a, 
anus ; gr^ ventral 
groove ; mouth. 


ant. 

Fia. 265 . — Chitoiiellus fuadatus Quoy ; antt anterior cud. 

I. Chitonelloidea, — Posterior valve funnel shaped; laminae 
thrown forward ; Chitonellus, Choneplax. 

Sub-order II. Aplacophora. — ^Animal vermiform, foot absent, 
or a mere groove, cuticle more or less covered 
witli spicules. 

According to Marion, one of the principal 
authorities on the group, the Aplacophora 
are perhaps Amphineura whose development 
Neomenia arrested at an early stage, tlieir 

worm -like exterior being 
due to adai)tation to sur- 
roundings. They have 
hitherto been found chicHy in tlie N. Atlantic 
and Mediterranean, generally at considerable 
depths, and often assexiiated with certain 
polyps in a way which suggests a kind of 
commensalism, 

Fam. 1. Neomeniidae. — Foot a narrow 
groove, intestinal tube without differentiated 
liver, kidneys with common exterior orifice, 
sexes united, ctenidia present or absent. 

Genera : Neomenia (Fig, 266), Paramenia, 

Proneomenia, Ismenia, Lepidomenia, Don- 
dersia. 

Fam 2. Chaetodermatidae. — Body cylindrical, no ventral 
groove, liver a single sac, kidneys with separate orifices into the 
branchial cloaca, two bipectinate ctenidia. Single genus, Chaeto- 
derma (Fig. 267). 



Fig. 267 , — Chaeloderma 
nitidulum Lov. : a, 
anus ; 9/i, mouth. 

x3. 


Order II. Frosobranchiata. 

Visceral loop twisted into a figure of 8 (streptoneurous), right 
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half supra-intestinal, left half infra-intestinal ; heart usually in 
front of the branchia (ctenidium), which is generally single; 
head with a single pair of tentacles ; animal dioecious, usually 
marine, more or less contained within a shell, operculum 
generally present. Cambrian to present time. 

Sub-order 1. Diotocardia. — Heart with two auricles (except 
in the Docoglossa and Helicinidae^, branchiae bipectinate, front 
end free ; two kidneys, the genital gland opening into the right 
(except in Neritidae); nervous system not concentrated; no 
proboscis or siphon, penis usually absent. 

(а) Docoglossa (p. 227). — Heart with a single auricle, 
ventricle not traversed by the rectum, visceral sac not spiral, 
shell widely conical, non-spiral, no operculum ; radula very long, 
with few hooked teeth in each row. 

Fam. 1. Acmaeidae. — T^ft ctenidium alone occurring, free on 

a long stalk. Cretaceous . Principal genera : Fectinodonta, 

front part of head much produced, radula 0 (1. 0. 1.) 0 ; Acmaea 
( = Tectura), with sub - genera Collisella and Colliscllina, no 
accessory branchial ring, shell closely resembling that of Patella, 
but generally with a distinct internal border ; Scurria, accessory 
branchial ring on the mantle. 

Fam. 2. Lepetidae, — No ctenidia or accessory branchiae, 

animal generally blind. Pliocene . Principal genera : 

Lepeta ; Propilidium, apex with internal septum ; LepetelUu 

Fam. 3. Patellidae, — No ctenidia, the osphradial patch at the 
base of each alone surviving, a circlet of secondary branchiae 

between the mantle and sides of the foot. Ordovician . 

(i.) Patellinae, — Three lateral teeth on each, side, two of them 
anterior. Principal genera : Patella, branchial circlet complete ; 
chief sections Patella proper, Scutellastfa, Ami&tromesus (A. 
mexicana Brod., measures 8-14 in. long); Helcion, branchial 
circlet interrupted in front; TryUidium (Ordovician). — (ii.) 
Nacellinae. — Two developed laterals on each side, one anterior. 
Genera: Nacella, branchial circlet complete; Hdcioniscus, bran- 
chial circlet interrupted in front. 

(б) Rhipidoglossa (p. 225). — Ventricle of the heart traversed 
by the rectum (except in Helicinidae), one or two ctenidia ; jaw 
in two pieces, radula long, marginals multiplied, rows curved. 

Of all the Gasteropoda, this section of the Diotocardia approach 
nearest to the Pelecypoda, particularly in the least .specialised 
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forms. The auricle, the branchiae, and the kidneys are in many 
cases paired, and more or less symmetrical. The ventricle is 
generally traversed by the rectum, there is a long labial com- 
missure between the cerebral ganglia, special copidative organs 
are usually absent, while the shell is often nacreous, like those 
of Pelecypoda of a primitive type. 

Section 1. Zygohuanchiata. — T wo ctenidia, shell with apical 
or marginal slit or holes, corresponding to an anal tube in the 
mantle (p. 2G5). 

Fam. 1. Fissurdlidae. — Two syminetrical ctenidia and kidneys, 
visceral mass conical, shell conical, elevated or depressed, with 
a single anterior or apical slit or impression ; no operculum. 

Jurassic . (i.) Fissure! I iime. Shell wholly external, apex 

entirely removed by perforation, apical 
callus not truncated posteriorly ; cen- 
jJ. tral tootli narrow. Genera : Fissurella 
(Figs. 171, p. 2G1; 178, p. 265), Fis- 
suridett, Ghjinddla, (ii.) Fissurelli- 
dinae. Shell partly' internal, otherwise 
as in (i.) ; central tooth broad, mantle 
more or less reflected over the shell, 
apical liole very wide. Genera : Fis- 
surellidnea, Fwpillaea, Lucainna, Merja- 
tchcnmis, Macrosrhisrna, Lucapinella. 
(iii.) Fviargimdmae, Shell usually 

Fig. 268.-.Sfc«/«, avsiralu Lam.. Wholly external, apex usually not re- 
Australia mantle; ah, moved byperforation,S()mctimes with in- 

ternal septum, anal tube in a narrow slit 
or sinus. Genera : Glyx>his, externals of Fissurella, but hole-callus 
truncated behind ; Fiimturella (sub-genera Cranojwis and Fissuri- 
slit just anterior to the apex,a small internal septum; Zeidora, 
large internal septum as in Crepidula : Emarginvla, shell elevated, 
slit very narrow, on the anterior margin (in subg. Fimvla, it is 
between the apex and the margin), radula bilaterally asymmetrical ; 
Subemdrginula, margin indented by a shallow groove ; Setetvs 
( = Parmophorus) shell oblong, depressed, nicked in front, largely 
covered by the mantle. 

Fam. 2. Haliotidae, — Right ctenidium the smaller, epipodial 
line broad, profusely lobed ; shell rather flattened, spire short, last 
whorl very large, with a row of perforations on the left pide. 
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which become successively obliterated ; through these holes, the 
posterior of which is anal, pass tentacular appendages of the 

mantle ; no operculum. Cretaceous . Single genus, llaliotis ; 

principal sub-genera Padollus, Teiiwlls. 

Fam. 3. Plciirotomnriidae . — Central tooth single, narrow, 
about 26 laterals, 60 to 70 imciiii. Shell generally variously 
trochiform, nacreous, operculatc, with a ratluu* broad marginal 
sinus in the last whorl ; as this sinus closes up it forms an “ anal 

frisciole ” or “ sinus band.” Cambrian . Principal genera : 

&issurella, epipodial line with several long ciliated appendages at 
cacli side, shell very small, slit open, sinus band extending nearly 
to apex ; Srhisrnopr, anal slit closed in the ailult into an oblong 
perforation; Murchisonut (Palaeozoic only), sliell long, turretted, 
whorls ungulate or keeled with a sinus band ; Udontomario 
(Palaeozoic only), shell 
tubular, curved ; Pohjtrc- 
maria (Carboniferous), 
shell tur1)inate, slit a series 
of small holes connected 
by a passage ; Prochotorna , 
si lel I t r ( )c hi f( »n n , perfora- 
tion consisting of two nar- 
row holes united by a slit ; 

Pie. uroii) m aria, braiic h iae 
almost symmetrical, radula 
as above, shell variously 
spiral. 

In Pleurotomaria we 
have the case of a genus 
long supposed to be extinct. Cr. and F., 

More than 1100 foasil 

species have been descrilxid, and within the last 38 years about 
20 specimens, belonging to 5 sjiecieH, have teen discovered in a 



living state. 

Fam. 4. Bellerophontidae . — Shell nautiloid, spire generally 
concetiled, aperture large, sinus or ixjrforations central (Fig, 179, 
p. 266). Ordovician — Trhis. Genera: Bellerophon, Trema- 
tonotus, Cyrtolites, 

Section II. — Azygobranctiiata. — One ctenidium (the left) 
present. 
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Fam. 1. Cocculinidae. — A single cervical ctenidium, foot 
broad, no eyes, shell patelliforin, with caducous spire. Single 
genus, Cocxulina. Deep water. 

Fam. 2. Stomatellidae. — A single (left) ctenidium, front third 
free, shell nacreous, spiral or patelliibrm, depressed, last whorl 

large. Jurassic . Genem: Stomatella {nvihg, Sy7iaptocA)cUleay 

Niphonia), sliell depressed, spirally ribbed, spire short, operculum 
present ; Phaneta, fluviatile only, shell trochiform, imperibrate, 
last whorl keeled, sinuate in front ; Stomatia, spire short, surface 
tiibercled or keeled, no operculum : Gena, shell haliotis-shaped, 
surface smooth, aperture very large : Pi'oderqna, shell patelliform, 
spiral apex often lost. 

Fam. 3. Cydosti^einatidae. — Tentacles ciliated, thread-like, 
snout bilobed, foot truncated in front, angles produced into a 
filament, shell depressed, iimbiliaited, not nacreous. Eocene 
. Ih’incipal genera : CyclosWema, Teinosto^na, Viti'inella. 

Fam. 4. TAotiidae. — Epipodial line witli a lobe behind each 
eye-peduncle, shell solid, trochiform, longitudinally ribbed or 
trellised, aperture round, operculum multispiral, hispid, corneous, 

with a calcareous layer. Silurian . Frincipal genera : 

Liotia, Craspedostoma (Silurian), Crossostoma (Jurassic). 

Fam. 5. Trochidae, — Snout short, broad, frontal lobes often 
present, epipodial line furnished with cirrhi ; shell nacreous, 
variously spiral, operculum corneous, multispiral, nucleus central 

(Fig. 182, p. 268). Silurian . 

(i.) Ti^ockinae, — Frontal lobes present, 
lateral teeth ( = side centrals) 5 only, 
no jaws, peristome incomplete. Prin- 
cipal genera : Ti^ochiis (subg. Cardi- 
nalia, Tectus, Infundibulum, Clan- 
^ ' V \ adus), Mo7U)dontrv (subg. BilonuC), 
Fiq. 270. — ii/flnorfowto camlifera Ca7itharidus (subg. Bankivia, Tha- 
(After Quoy Qaza (subg. Microgaza), 

Callogaza, Bemhix, Chlorostoma. (ii.) 
Gibhulinae. — Frontfil lobes and jaws present, laterals often 
more than 5, peristome incomplete. Principal genera : Gib- 
bida (subg. Monilia, Aphanotrochm, Enida), Minolia, Chxulus, 
Trochisc'us, Livona, Photinula, Margarita, Solariella, Calli- 
ostoma, Tmxica, Basilissa, Euchelus (subg. Olivia, PenrinicC). 
(iii.) Belphinulinae, — No frontal lobes, jaws present ; shell solid, 
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surface spirany lirate, scaly, spiiiose, umbilicate, peristome con- 
tinuous. Single genus, Delphimda. (iv.) Umhoniimie.-^Yjya^ 
pedunculate, left tentacle attached to a frontal appendage, niaiitle 
reflected over edge of aperture, lateral teijth 6 on each side ; 
sliell polished, peristome incomplete, umbilicus generally clostnl 
by a callosity, rrincipal genera: Umboniuin, Ethaliciy Ismuliiy 
Camitiiiy UmhondUty Chiysostoma. 

Fam. G. Turhinidac. — Kpipodial line with slender cirrhi, snout 
broad, short, eyes pedunculate at outer liase of tentacles, a frontal 
veil between tentacles ; shell turbinate, solid, aperture continuous, 
opereuluin solid, calciireous, usually ])aucispiral, convex exteriorly 

( Fig. 182, p. 208) Silurian- . (i,) IViasianclUnac. — Shell 

bulinioid,polishcd,not nacreous, coloured in patterns, aperture oval. 
Single genus, Phasianella (Fig. 271). (ii.) Turbininae, — Sliell very 
solid, nacreous within, aperture circular or long oval. Principal 
genera, Turbo, whorls rounded above and below, s])ines, if present, 
becoming more prominent with age, operculum smooth or granu- 
lose, nucleus sub-(jentral ; subg. Cid! opoma, Ninella, MtmnoroHtomay 
Sar?nnticMS, Trisot/ffsler ; jistndmui, whorls flattened above and 
below, spines, if present, becoming less prominent with age, 
operculum oblong, often excavated at centre, last whorl large, 
nucleus marginal or sub-marginal; subg. IjUhojmna, Tmperator, 


Guild for did, Bolma, Cydocantka, UvanUlay 
Cookia^ Foma'idax, Pachy 2 ioma, (iii.) Cydo- 
nematinae. — Shell nacreous, umbilicate,oper- 
culum conical outside, whorls s(^alariform. 
Principal genera ; Gydoucraa, dforiodmna, 
(?) Aruberleya (Silurian to Lias), (iv.) Lepto- 
thyrinae. — Shell small, solid, depressed; 
operculum nearly flat, nucleus sub-centraL 
Genera ; Leptothyra, Collonia (?). 

Fam. 7. Neritopsidae. — Tentacles wide 
apart, long, eyes (Jii short peduncles at the 
outer base; shell solid, neritiform or iiaticoid, 
aperture semi-lunar or oval ; oi»erculum 



(Fig. 183, p. 269) thick, calcareous, non- 

. ^ • i. • r Fig. 271. — Phasianellaaua- 

spiral, exterior face smooth, interior face Gmei., Australia. 

divided into two unequal parts, with a broad 


median appendage. Devonian . Principal genera : Neri- 


topsis (one recent species), Naticopsis (Devonian to Miocene). 
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Fam. 8. McLcluritidae, — Shell discoidal, whorls few, longi- 
tudinally grooved behind, right side convex, deeply umbilicated, 
left side flat ; operculum veiy thick, nucleus cxcentrical, internal 
face with two apophyses, one very large. The general appearance 
is more that of an inequivalve bivalve, such as Requieniay than of 
a spiral gasteropod. Palaeozoic . Single genus, Maclurea. 

Fam. 9. Neritidae. — Snout short, tentacles long, eyes pedun- 
culate at their outer base, branchia triangular, free at the front 
end, epipodium without cirrhi, penis near the riglit tentacle; 
shell solid, imperforate, turbinate to almost patelliform, spire 
short, internal partitions absorbed (p. 168), columellar region bkoad, 
edge simple or dentate, operculum calcareous, spiral or non-spiral, 
with prominent apophyses on the interior face, one of which locks 

behind the columellar lip. Jurassic . Principal genera : 

Neriia (Fig. 13, p. 17); Neritina (chiefly brackish water and 
fluviatile), sub - genus Clithoiiy usually coronated with si)iiies ; 
Velaies (Tertiary), Neritoma (Jurassic), Deianira (Cretaceous), 
Sej^taria ( = Navicella), shell more or less narrowly patellifoim, 
with terminal apex, aperture very large, with a broad columellar 
septum, operculum too small for the aperture, more or less 
covered by the integument of the foot ; fluviatile only ; Pil coins 
Jurassic to Cretaceous). 

Fam. 10. ITydrocenidae. — ^Branchia replaced by a pulmonary 
chamber, eyes at ‘the outer base of the tentacles, marginals of 
the radula very oblique, centrals often wanting ; shell small, 
conical, whorls convex, operculum calcareous, witli a promincmt 
apopliysis. Eecent. Principal genera ; Hydrocena, Georissa. 

Fam. 11. Helicinidae. — Branchia replaced by a pulmonary 
chamber, heart with one auricle ; shell globular, with a short 
spire, internal partitions absorbed ; operculum without apophysis. 

Carboniferous . Principal genera : ITclicinn (Fig. 18, B, p. 

2 1 ; subg. Alcadia, Scliasicheila, Hendeia, Calyhiurri)y Eutrochatella 
(subg. Luoidelld)y Stoastoma, Bourcieriay Dawsonella (Carboniferous). 

Fam. 12. Proserpinidae, — Branchia replaced by a pulmonary 
chamber, mantle partly reflected over the shell, eyes sessile ; shell 
depressed, discoidal, columella folded or truncated at the base, 
whorls with one or more internal plicae, internal partitions 
absorbed, no operculum. Eocene . Single genus ; Proser- 

pina, subg. Proserpinella, Cyans, Dimorphoptychia (Eocene), and 
Ceres (Fig. 18, C, p. 21). 
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Sub-order II. Monotocardia. — Heart with one auricle, one 
ctenidium (the left), inonopectinate, fused with the mantle 
(except in Valvata), one kidney, not receiving the genital 
products, nervous system somewhat concentrated, proboscis and 
penis usually present. 

(a) Ptenoglossa. — liadula with formula 00. o. 00, teeth 
similar throughout, outermost largest (p. 224). 

Fam. 1. lanthinidne . — Snout prominent, blunt, no eyes, shell 
helicoid, fragile, bluish, no operculum ; eggs carried on a raft of 
vesicles attached to the foot (Fig. 42, p. 126). Pelagic only. 
PlifK'cne . Genera ; lanthina, lleduzia, 

Fam. 2. Scalariidac . — Shell long, turriculate, whorls often 
partly uncoiled, with longitudinal ribs and prominent lamellae, 
aperture circular, operculum spiral, corneous, animal carnivorous. 

Ordovician . Principal genera ; Scalaria, Eglisia, Elas- 

moneura (Silurian), Holopella (Silurian to Trias), Adis. 

(b) Taenioglossa. — Radula with normal formula 2. 1.1. 1.2, 
marginals sometinms multiplied (p. 223). 

Section I. Platypoda. — F oot more or less flattened ventrally. 

Fam. 1. Naticidae , — Foot very larg(*, produced before and 
behind, propodium reflected upon the head, eyes al)sent or buried 
in the integument, central and lateral tooth of the radula tri- 
cuspid, middle cusp strong; shell globular or auriform, outer lij) 
simple, operculum corneous or calcareous, nucleus excentrical. 

Carboniferous Principal genera ; Katica, with many 

sub-genera ; Ampullina (Tertiary) ; Amaura ; Deshayesia (Ter- 
tiary) ; Sigaretus (Fig. 91, !>. 186), shell aurifor;n, last whorl very 
large, operculum much too small for the aperture. 

Fam. 2 . Lamellariidae. — Mantle reflected over more or less 
of the shell, shell delicate, no operculum. Eocene . Prin- 

cipal genera : Lamellaria, shell completely internal, transparent, 
auriform ; some species deposit their eggs on compound Ascidians 
(p. 74); Velutina, shell almost entirely external, paucispiral, 
with a thick periostracum ; ifarsenina, shell auriform, partly 
internal ; Onchidiopsis, shell a mernljranous plate, internal. 

Fam. 3 . Trichotropidae. — Branchial siphon short, eyes on 
the outer side of the tentacles ; radula closely allied to that of 
Velutina ; shell conical, last whorl rather large, periostracum 
thick and hairy, operculum blunt claw-shaped, nucleus terminal. 
Cretaceous . Genera: Trichotropis, 2'orellia. 
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Fam. 4. Narkidae, — Tentacles broad in the middle, with 
sessile eyes at the exterior base, propodium narrow, quadrangular, 
a largo epipodial veil on each side of the foot ; shell naticoid, 

cancellated, with velvety periostracum. Jurassic . Single 

genus ; Nnrica. 

Fam. 5. Xenophoridae, — Foot divided by a groove, anterior 
portion the larger ; central tooth heart-shaped, with blunt cusps, 
lateral large, roughly triangular, marginals long, falciform ; shell 
trochiforin, somewhat flattened, attaching various fragments 

externally. Devonian . Single genus, Xenophora (Figs. 

25, 2G, p. 64). 

Fam. 6. CapuHdar, — (^tenidium deeply and finely pectinate, 
visceral sac scarcely spiral, penis long, behind the right tentacle ; 
shell rouglily patelliform, with scarcely any spire, interior 
polished, usually witli a septum or internal plate of variable form, 

no operculum. Devonian •. Principal genera (Fig. 155, 

p. 248); Cnjmliis, shell cap-shaped, no internal plate; Platy cents 
(Palaeozoic, see p. 76), Piaphorostoma (Palaeozoic), Addisonia 
(?) ; Crmihulum^ internal appendage funnel-shaped ; Crepidida, 
(including Crepijjatella and Jirf/aca), shell 

♦ slipper - shaped, witli a large septum ; 

Calyptmca (including Galerits and ifVo- 
chittt), internal lamina semi-spiral. 

Fam. 7. Jfipponycidac-- -Foot aborted, 
animal sedentary, adductor-muscle shaped 
like a horse’s hoof, fixstened on the ven- 
tral side to the region of attachment, or 

Fro. 272.— Two spedmena of calcareous plate which closes 

Orepiduia (marked a and the aperture like a valvc ; ventral side of 
&) on an old shell of i j i i -.i 

mcfia; Giiiel. the body surrouiided by a mantle with 

papillose border, which corresponds mor- 
phologically to the epipodia, head emerging between the dorsal 
and ventral mantles. Shell thick, bluntly conical, surface rugose. 

Eocene . Genera: Hlpponyx ; J/iYra/anVi, a narrow half 

funnel-shaped appendage within the shell. 

Fam. 8. Solariidae. — Foot large, eyes sessile, near the outer 
base of the tentacles, radula abnormal (p. 224) ; shell more or less 
depressed, lip simple, umbilicus wide, margins often crenulated, 
operculum variable. The proper position of the family is quite 
uncertain. Ordovician . (i.) Solariinae, Genera : Solitt- 
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rium, shell depressed, highly finished, angular at periphery, 
operculum corneous, central tooth 
absent, laterals and marginals num- 
erous, long, and narrow; Plalyscliismn 
(Silurian), (ii.) Torinviiiae. Genera : 

Torinia, whorls usually rounded, 
operculum (Fig. 18il) conically ele- 
vated, spiral externally, cential tooth 
present, marginals few, edge pecti- 
nated; Omnlaxis. (iii.) ISuoinplm- 
linne, shell planorbiform, whorls 
rounded. Genera: Emmphahs, OjM- 273.-,Sirf™ 
lela^ Schizostoma, Hceylioin2)h(tius Lam., Eastern Seas. 

(all Palaeozoic). 

Fam. 9. Jlomnloyyridae , — Tentacles absent, eyes sessile, 
central tooth unicuspid 011 a (piadraiigular Iwise, laterals and 
marginals replaced by an oblong plate ; shell vmy small, ])lauor- 
biform. Kecent. Single genus : Hornaloyyra, whoso true position 
is uncertain. 

Fam. 10. Littorinidae . — Proboscis short, broad, tentacles 
long, eyes at their outer bases, penis behind the right tentachj ; 
reproduction oviparous or ovovivijiarous, radula very long; shell 
turbinate, solid, columella thickened, lip simiile, oj)erculuin corne- 
ous, nucleus excentrical. Jurassic . Ihincipal genera: 

(radula, Fig. 16, p. 20), CTvmiwcomhm (p. 16), Fm- 
sari/na ; Tectarius, shell tubercled or spinose ; Misellit^ base slightly 
concave ; Lacuna, shell thin, grooved lichind the columellar lip. 

Fam. 11. Fossaridae , — Shell turbinate, solid, small, white, 
spirally ribbed, outer lij) simple. Miocene^ — ^ — . Principal 

genus, Fossarus. 

Fam. 12. Cyclophoridae , — Ctenidium replaced by a pulmon- 
ary sac, tentacles long, thread-like (radula, Fig. 17, p. 21) ; 
shell variously spiral, peristome round, often reflected, oixjrculum 

circular. Terrestrial only. Cretaceous . (i.) Pomaiiashtue, 

shell high, conical, longitudinally striated, operculum consisting 
of two laminae united together. Single genus, Pomatias. (ii.) 
Diplomniatininae, shell more or less pupiform, peristome thick- 
ened or reflected, often double. Genera ; Diplommatina (subg., 
Nicida, Palaina, Paxillus, Arinui), shell dextral or sinistral, 
small, columella often denticulated; Opisthostoma (Fig. 208, p. 
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309), last whorl discoimected, often rellccted back upon the 
spire, (iii.) Fupininae, shell more or less lustrous, bluntly 
conical, lip with a channel above or below. Genera: Pupma 
(subg. Bcffistoma, Callia, Strepitaulus, Pujnnclla, Anaulus), Hyho- 
cystis (Fig. 205, p. 305), Cataulm, Coptochiltis, MegalomastoiiKL 
(iv.) Cycloj)]wrinae, shell turbinate or depressed, operculum corne- 
ous or calcareous. Genera : Alycaeus, Craspedojmna, Leptopoma, 
LagochiluSy Vydop)horus (Fig. 206, p. 306; including Diademay 
Aulopomciy DitropiSy and others), Apcrostoma (including Cyrtotoma 
and others), Cyatliopomay Pterocyclus (subg., Myxostoiniiy Spira- 
enluviy OpisthopioruSy and Phiostoma (Fig. 180, p. 266), CyclotuSy 
CydosurnSy and Strophoatoma. 

Fam. 13. Cydostomatidae . — Ctenidinm replaced by a pul- 
monary sac, tentacles obtuse, foot with a deep longitudinal median 
groove ; central tootli, lateral, and first marginal more or less 
bluntly cusped, second marginal large, edge pectinate ; shell 

variously spiral, spire usually elevated, 
aperture not quite circular; operculum 
generally with an external (yilcareous and 
an internal cartilaginoid lamina, rarely 
corneous. Terrestrial only. Cretaceous 

. Genera : Cydostoma (subg., 

Leoniiiy Tropidophoniy Rochebruniay 
F'lo. 27A, — Cydo8t(mm mm- Georgiity Otopoviay LithidioUy ltevoili(t)y 

Mada- Cydotopsis, Clwaiiopoma (subg., Licinay 
Jamaicia, Ctenopornay Diplopomay Adam- 
sidla)y Cistula (subg., Chomlropomay Tmlora)y Omphalotropis (subg., 
licalidy Cydomorpha), Hainesia, Acroptycliia. 

Fam. 14. Aciculidae, — Cteiiidium replaced by a pulmonary 
sac, tentacles cylindrical, pointed at the end, eyes behind their base, 
foot long and narrow; central tooth and lateral very similar, pinched 
in at the sides, external marginal broad, edge finely pectinate ; 
shell small, acuminate, with a blunt spire, operculum corneous. 

Terrestrial only. Tertiary . Genus, Acimla (=:Acme), 

Fam. 15. Trurwatdlidac, — Ctenidium replaced by a pulmonary 
sac, proboscis very long, eyes sessile, behind the base of the 
tentacles, shell small, evenly cylindrical, apex truncated in the 

adult. Eocene . Genera : Trumatella (subg., Taheiticu 

Blanfordidy and TomicMa), Geomelania (subg., Chittya and 
Pla'iidiella)y Cecina (?). 
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Fam. 16. Hissoidac. — Eyes at the external base of the 
tentacles, epipodium with filaments, operculigeroiis lobe with 
appendages ; central tooth pleated at tlie basal angles, lateral 
large, bluntly multicuspid, marginals long, narrow, denticulate at 
the edge; shell small, acuminate, often elaborately sculptured, 
mouth entire or with a shallow canal, operculum corneous. 

Marine or brackish water. Jurassic . Principal genera: 

Jiissoa (subg., Folmia, 07ioha, Alvania, Cingula, Nodulus, Aimha- 
thron, Fenella, Iravadia, and others), Smliola (shell agglutinating 
fragments of sand, etc.), Fissoina (lip thickened, operculum with 
an apophysis as in NeriteC), Barleeia, Paryphostoma (Eocene). 

Kam. 17. Hydrobiidae .-^ — Eyes at the outer base of the 
tentacles, penis behind the right tentacle, prominent, operculi- 
gerous lobe without filaments; radiila rissoidan, central tooth 
often with basal denticulatioiis ; shell more or less acuminate, 
small, aperture entire, operculum corneous or calcareous. Prackish 

or fresh water. Jurassic . Principal genera: Ba/i.calia,\s'\\A\ 

its various sub-genera (p. 290); PornaMopsis, Ifydrohia, Bithynclla, 
Micropyrgus (Tertiary), Pyrgida, Fmmericia, Bcncdktia, Litho- 
glyphns, TangaiiyicAa, Limnotrochus (?), JuHienia, Pachydrohia, 
Potarnopyrgus, Littormida, Ainnicola, Fiumimcola (subg., Gillia, 
Somatogyrus), Bithynia, Fosmrultis (Tertiary), Stenothyra, 

Fam. 18. Assimincidae , — Ctenidium replaced by a pulmonary 
sac, no true tentacles, eye-peduncles long, retractile ; radula that 
of Hydrobia ; shell small, conoidal, operculum corneous, nucleus 

sub-lateral. Eocene . Uenera : Assuuinca, Acmella, 

Fam. 19. Skencidae. — Ptadula resembling that of Hydrobia, 
shell very small, depressed, widely umbilicated, operculum 
corneous. Pleistocene — . Single genus, Bk&ma, 

Fam. 20. Jeffreysiidae. — Mantle with two pointed ciliated 
appendages in front, tentacles ciliated, eyes sessile, far behind 
the base of the tentacles ; marginal teeth sometimes absent ; 
shell small, thin, pellucid, whorls rather swollen, operculum with 
marginal nucleus, divided by a rib on the inner face. Recent. 
Genera : Jeffreysia, Dardania, Marine, living on algae. 

Fam. 21. Litiopidac . — Epipodium with cirrhi on each side, 
operculigerous lobe with appendages ; radula rissoidan ; shell 
small, conical, columella trunciited, operculum corneous. Eocene 

. Genera : Litiopa, living on the Sargasso weed, suspended 

by a long filament ; Alaba, IHala. 
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Fasi. 22. Adeorbidae. Badula essentially rissoidan; shell 
depressed, circular or auriform, widely umbilicated, operculum 

corneous, paucispiral, nucleus excentricaL Pliocene 

Principal genera : Adeorbia, Stenotia, Megodomphcdua. 

Fam. 23. Viviparidae. — Snout blunt, tentacles long, right 
tentacle in the male deformed, pierced with a hole corresponding 
to the aperture of the penis, two cervical lobes, the right being 
siphonal, foot with an anterior transverse groove ; teeth broad, 
shallowly pectinate at the ends ; shell turbinate, whorls moic or 
less rounded, aperture continuous, operculum corneous, nucleus 
sub-lateral, with a false sub-central nucleus on the external face. 

Animal ovoviviparous. Freshwater. Cretaceous . Genera: 

Vivipara Pcdudina), subg., Cleopatra, Mdavtho, Tvlotoma; 
Tylopoma (Tertiary), and Lioplax. 

Fam. 24. Valvatidae. — Branchia exserted, bipectinate, carried 
on the back of the neck, a filiform appendage (Fig. 66, p. 159) on 
the right of the neck, penis under the right tentacle, prominent, 
eyes sessile, behind the tentacles ; radula like that of Vivipara ; 
shell small, turbinate or flattened, operculum corneous, nucleus 
central. Fresh water. Jurassic . Single genus, Valvata. 

Fam. 25. Ampvtlariidae. — Snout with two tentacles, tentacles 
proper very long, tapering, eyes prominently pedunculate, two 
cervical lobes, the left siphonal, respiratory cavity divided by a 
piU'tition, a large branchia in the right chamber, the left func- 
tioning as a pulmonary sac (Fig. 65, p. 158); radula large, 
central tooth multicuspid, base broad, lateral and marginals falci- 
form, simple or bicuspid ; shell large, tiurbinate or flattened, spire 
small, whorls rounded ; operculum generally corneous, nucleus 
sub-lateral, false nucleus as in Vivipara. Fresh water. Creta- 
ceous . Single genus Ampidlaria (subg., Ceratodea, Faehy- 

labra, Aaolene, Laniatea, and Mdadomua). 

Fam. 26. Cerithiidae. — Branchial siphon present, short, eyes 
variable in position ; central tooth small, evenly cusped, lateral 
hollowed at base, multicuspid, marginals narrow; shell long, 
turriculate, whorls many, generally tuberculate, varicose or spiny, 
aperture sometimes strongly channelled; operculum corneous, 
sub-circular, nucleus nearly central Marine or brackish water. 

Trias Principal genera : Triforia, shell small, generally 

sinistral; Faatigidla, Cerithium (Fig. 12, p. 16), Bittium, Pota- 
midea (subg., Tympanotomm, Pyraztta, PireneUa, Tdeacopimn, 
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Cerithidea^ Lampania^ all brackish water), Diaatoma (Eocene), 
Cerithiopsis ; Ceritella (Jurassic), Brachytrema (Jurassic), and 
Planaxis (subg., Qmyia and Holcostoma), 

Eam. 27. Modvlidae, — No siphon, radula of Cerithium; shell 
with short spire, columella strongly toothed at the base, aperture 
nearly circular. Eecent. Single genus, Modulus, 

Fam. 28. Nerineidae, — Shell solid, long sub-cylindrical, aper- 
ture channelled, columella and interior of whorls with continuous 
ridges, extending up the spire. Genera : Nerinea (Trias to 
Cretaceous), Aptyxiella (Jurassic). 

Fam. 29. Mclaniidae, — Border of mantle festooned, foot broad, 
with an anterior groove, penis present ; radula closely resembling 
that of Cerithium ; shell long, spiral, with a thick periostracum, 
surface with tubercles, ribs, or striae, suture shallow ; operculum 
corneous, paucispiral, nucleus excentrical. Animal 

ovo viviparous. Fresh water. Cretaceous . 

Principal genera : Melania (with many sections or 
sub-genera), Pachychihis, Claviger ( = Vihex), Hemi- 
sinus, Firena, Melanopsis, Tiphohia, Paludomus AmH 
(subg., Philopotamis, 'Panalia, Stomatodon), Hant- 
kenia (Eocene), Larina (?). ^H|H| 

Fam. 30. Pleuroceridae, — Mantle edge not 
festooned, no copulatory organ, otherwise like \PIK 7 

Melaniidae ; operculum witli nucleus sub-marginal. 

Animal oviparous. Fresh water. Cretaceous . 276.— Jlf«- 

Genera: Pleurocera (including lo. Fig. 12, p. 16, t^mia cm- 

Angitrema, Lithasia, Strephobasis), Goniobasis, Ancu- 
lotus, Gyrotoma, 

Fam. 31. Pseudomelaniidae, — Shell resembling that of 
Melaniidae, but marine. Genera : Pseudomelania, Loxonema, 
Bourguetia, Macrochilus, Palaeozoic to Tertiary strata. 

Fam. 32. Turritellidae, — Mantle with a siphonal fold on the 
right side; radula variable (p. 224); shell long, whorls many, 
slowly increasing in size, tranversely ribbed or striated, aper- 
ture small; operculum corneous, nucleus central. Jurassic . 

Principal genera : Turritella, Mesalia, Protoma, Mathilda (?). 

Fam. 33. Coecidae. — Tentacles long, eyes sessile at their base ; 
shell small, spiral in the young form, spire generally lost in the 
adult, the shell becoming simply a straight or curved cylinder; oper- 
culum corneous, multispiral. Eocene . Single genus, Coecum, 

-TOL. Ill 2 E 
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"FA>r. 34. Vmnetidae. — VisQtffal sac greatly prodnc^, 
irregularly spiral, no copulatory organs (radula, Fig. 1^6, p. 

223), sh^ tubular, irregularly coiled, last 
whorls often free, aperture circular; operculum 
corneous, circular^ nucleus- central Carbo- 
niferous Principal genera : Venmtvs ; 



Fig, 276. — Develop- 
iiittiit of Coecum : A, 
showing the gradual 


SUiquaria (Fig. 153, p. 248), a long fissure, 
or series of holes,, runs along a considerable 
part of the shell, operculum with outer face 
spiral, elevated. 

Fam. 35. StromHdae. — Foot narrow, arched, 
formation orsepta ; metapodium greatly produced, snout long, eye 
turerw! ^t*sop- peduncles long, thick, eyes elaborate, siphon 
turn; a'*', second short, penis prominent, bifurcate; central tooth 
Foiin.) B, adult With strong median cusp, marginals falciform, 
Ad”pa^!^*Tio* more or less denticulate; shell 

. ’ " solid, spire conical, outer lip generally dilated 

into wings or digitations, channelled before and behind, a labial 
sinus at the base, distinct from the anterior canal; operculum small 

for the aperture, corneous, claw-shaped, edge notched. Lias . 

Genera: Stromhua (Fig. 99, p. 200); Pereiraea (Miocene), 
Pteroceras (Fig. 277 ; digitations of the outer lip very strong), 
Rostellaria (spire produced, anterior canal very long), Bimella, 
Pterodonta, Tereidlum (base of shell truncate, spire short). 

Fam. 36. Chenopodidae (^ = Aporrhaidae). — Foot flat; lateral 
and marginal teeth not denticulate; shell resembling that of 
Stromhua, outer lip dilated, wing-like, no labial sinus. Jurassic 

. Genera : Chenopua ( = Aporrhaia), Diastema, Malaptera, 

Uarpagodea, Aiaria (last four from Secondary strata). 

Fam. 3 7. Struthiolariidae.—'B»A\i\& allied to that of Stromhua, 
marginals occasionally multiplied ; shell buccinoid, very solid, 
outer lip thickened, canal short, operculum claw-shaped, notched, 

nucleus terminal. . Tertiary . Single genus, StrtUhiolaria 

(subg., Periasodonta, marginal teeth multiplied). 

Fam. 38. Cypraeidae. — Mantle with two large lateral lobes 
reflected' and meeting over the sheU, siphon small ; central and 
lateral 'teeth bluntly trictispid or multicuspid, laterals fairly 
br(Mdl, .e^^ . ctisped or flnely pectinate ; sh^ polished, solid, 
l8pird'genemlly''concealed' in the adult or overlaid with enamel, 
narrow, near)^ aS long as thd shell, toothed at 
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the sides, channelled at each end, labium inflected; no operculiiiii. 

Jurassic . Grenera : Ovvlct (including AmphiperaSy Trans- 

ovvla, Cyphomay RadiuSy Simnia^y Pediculanay Cypram (with 
subg., Cypraeorvlay Cypraedia, and Trivia), and Erato, 

Fam. 39. Doliidae , — Foot expanded, wider and longer than 
the shell, truncated and thickened in front, siphon very long and 
narrow ; central tooth with very strong median and small lateral 



Fia. 277. — Three stages in the growth of Pteroceras rng^mnA. Sowb., E. Indies, 
showing the development of the * Ungers.’ 


and basal cusps, lateral and marginals bluntly falciform ; shell 
ventricose, without varices, spire short, outer lip generally simple, 

anterior canal rather wide, no operculum. Cretaceous •. 

Genera: Dolivm (subg. Malea, outer lip thickened, denticulate, 
reflected) ; Pinda, mantle with two lateral lobes reflected over 
part of the shell, shell fig-shaped (Fig. 278). 

Fam. 40. Cassididae . — ‘Fopt broad, siphon Jong (ra^ula, Fig. 
125, p. 223); shell ventricose, with varices, spire stoH, oujter - 
lip reflected or thickened, anterior cantd short, r^urved narjfow’; 
operculum semilunar, with 'ribs radiating ’from' h'’ idaijfmal 
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nucleus. Cretaceous . Genera: Cassis (subg. Semicassis 

and Cypraecassis), Morio ( = Cassidaria), Oniscia, 

Fam. 41. Columhellinidae — Shell solid, ribbed, usually 
cancellated, with an oblique posterior canal, columella callous, 
more or less reflected. GJenera: Columhellina, Columhellaria, 
Zittelia, Petersia, Alariopsis (?). Secondary strata only. 

Fam. 42. Tritonidae. — Foot short, narrow ; siphon short, not 
prominent ; radula allied to that of Cassididae ; shell thick, 
varicose ; outer lip inflected and thickened, canal long, perios- 
tracum often thick and hairy, operculum 
corneous, nucleus terminal or sub-marginal. 

Cretaceous . Genera: 5W^w(Fig. 191, 

p. 275 ; subg., Epidromus, PlesiotHton, Sim- 
pvlum, Ranularia, Argohuccinum ') ; Persona, 
aperture toothed, narrow ; columella reflected 
upon the last whorl ; Itanella^ shell dorso- 
ventrally compressed, generally with two con- 
tinuous lateral varices, posterior canal present. 

The position of the following four families 
is doubtful : — 

Fam. 43. Oocorythidae, — Siphon short, 
foot broad, eyes absent, radula taenioglossate ; 
Fig. 278.— PirttZa shell bucciiioid or cassidiform, operculum cor- 

8umieri Val., Philii)- • i -o ^ i ^ 

pines. X neous, Spiral. — Kecent. Single genus, Oocorys. 

Fam. 44. Suhulitidae, — Shell elongate, 
fusiform, smooth ; suture shallow, base truncate or rounded, 
aperture channelled or notched. Ordovician to Trias. Genera : 
Subvlites, Fusispira, Fuchrysallis. 

Fam. 45. Seguenziidae. — Eadula taenioglossate, shell trochi- 
form, aperture channelled, columella twisted, operculmn multi- 
spiral, nucleus central. Pliocene . Single genus, Seguenzia^ 

Fam. 46. Ghoristidae, — Anterior tentacles united by a frontal 
veil, posterior simple ; eyes absent, foot with tentaculae before and 
behind ; three central teeth, outer marginal with a basal plate ; 
shell helicoid, suture deep, peristome continuous, operculum 

corneous, paucispiral. Pliocene Single genus, Choristes. 

Section II. Heteropoda. — ^Foot fin-shaped, not flat. 

The Heteropoda are free-swimming Mollusca, being, like the 
Pteropoda, Gasteropoda modified to suit their pelagic environ- 
ment. Their nervous system is streptoneurous, and they ^re 
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therefore probably derived from the Frosobranchiata, but they 
are highly specialised forms. Pelseneer considers them far more 
widely removed from the Streptoneura than the Pteropoda are 
from the Euthyneura, They swim on the surface " upside down,” 
i.e. with the ventral side uppermost. 

The tissues and shell are transparent, permitting observation 
of the internal organs. In the Pterotrachaeidae the foot takes 
the form of a fan-shaped disc, usually furnished with a sucker. 
The body is compressed at the posterior end, often with a ventral 
“ fin.” In Atlanta the foot consists of three very distinct parts : 
a propodium, a mesopodium, on which is a small sucker, and a 
metapodium, which carries the operculum. Tlie branchiae are 
carried on the visceral sac, and are free in Fterotrachaea, slightly 
protected by the shell in Carinaria, and entirely covered in 
Atlanta ; absent altogether in Firoloida. 

The head carries two tentacles (except in Pterotrachaea), with 
large, highly organised eyes on short lobes at their outer base. 
The alimentary tract consists of a long protrusible proboscis, 
with a taenioglossate radula (Fig. 132, p. 227), a long oesophagus, 
and a slightly flexured intestine. In Atlanta the visceral sac is 
spiral and protected by a spiral planorbiform shell ; in Carin- 
aria the visceral sac is small, conical, protected by a very thin 
capuliform shell. There is no shell in Pterotrachaea or 
Firoloida. 

The Heteropoda are dioecious. In the male there is a 
flagellum behind the penis, which is near the middle of the right 
side. Pterotroxhaea lays long chains of granular eggs, and has 
been noticed to produce a metre’s length in a day. The eggs 
of AtlaTda are isolated. The embryo has a deeply bilobed 
velum. 

Fam. 1. Pterotroxhaeidae. — Body long, with a caudal “ fin ; ” 
branchiae dorsal, free or partly protected by a shell ; foot consist- 
ing of a muscular disc, with or without a sucker. 

Pterotrachaea proper has no mantle, shell, or tentacles. The 
branchiae are disposed ro\md the visceral sac, at the upper part 
of which is the anua In Firoloida the body is abruptly trun- 
cated behind, with a long filiform segmented caudal appendage ; 
visceral sac at the posterior end : fin-sucker present or absent in 
both male and femala Cardiapoda resembles Carinaria, but the 
visceral sac is more posterior and is only slightly protected by 
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a very small spiral shell. Carina/ria (Fig. 279) has a rugose 
translucent skin, visceral sac sub-median, apparently peduncu- 
lated, covered by a capuliform shell. The larval shell, which 
persists in the adult, is helicoid. 

Fam. 2. Atlantidas , — Shell spiral, operculate, covering the 

animal. Branchiae in a 
dorsal cavity of the mantle ; 
foot trilobed, with a small 
sucker on the mesopodiuni. 

The shell of Atlanta is 
discoidal and sharply keeled, 
while that of Oxygyrus is 
nautiloid, with the spire 

concealed, no keel, aperture 
Fio. 279. — Lam., Naples: (JJJa^tcd 
«, anus ; 6r, branchiae ; /, foot ; intestine ; 

7>i, month ; 2h penis ; 5, sucker ; shell ; t, (c) (lYMNOfJLOSSA. Ea- 

teiitacles. x j. absent ; ])ro- 

boscis prominent, sexes probably separate, penis present. The 
section is probably artificial and unnecessary, tlie families com- 
posing it being, in all probability, Taenioglossa which have lost 
their radula in consequence of changed conditions of life (pp. 
79, 225). 

Fam. 1. Eulimidae , — Proboscis very long, retractile, mantle 
forming a siphonal fold ; shell small, long, subulate, polished ; 
suture shallow, ajierture continuous, operculuiii present or absent. 
Animal often parasitic, sucking the juices of its host by its long 

proboscis. Trias . Genera : Enlivia (subg. Subularia, Arcu~ 

ella, Apimlia, Mmronaliay Stiliferina, and others), Stilifer, 
ScalenostomUy E'iso, and Jfoplopteron, 

Fam. 2. Pyramidellidae , — Tentacles auriform, proboscis as in 
Eulimidae, n prominent mentum or flap under the buccal orifice ; 
shell usually small, conical ; suture shallow, apical whorls (the 
embryonic shell) sinistral (p. 250), operculum corneous, pauci- 

spiral; nucleus excentrical. Trias . Genera: Pyramid 

della (subg. Syrnola, Otopleura, Chryscdlida, Mumiola), Odostomia^ 
Eulimellay Murchisoniellay Ttivhonilla (subg. Dunkeria and 
Cingulina), 

(d) Kachiglossa (p. 220). — -Proboscis long, retractile ; siphon 
distinct, radula without uncini, sometimes without laterals ; teeth 
strongly cusped ; shell generally wholly external 
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Fam. 1. Muricidae — Eyes sessile at the outer base of the 
tentacles, penis large, behind the right tentacle, radula within 
the retractile proboscis, central tooth (Fig. 119, p. 220) with at 
least tliree strong cusps, laterals plain ; shell solid, more or less 
tuberciilate, spiny and varicose, anterior ciinal varying from a 

mere notch to a long channel. Cretaceous . Principal 

genera: (i) Murwinae, nucleus of operculum sub-terminal; Trophoii, 
Tt/phis, Murex (with many subdivisions), Oeinehra (including 
Cerastoma, Vitviarin^ and Hadrianiit), Urosalpirix, Eupleuva^ 
Pscudomurex, (ii) Puipurinae, nucleus of ojierculum lateral ; 
Rapana (including Latiaxis)^ Purpura (witli subg. Cunia^ Lpafi, 
Vexilla, and Pinaoda), Monocfros (iniduding Chorus), Purpuroidva 
(KSccondary strata), Pentadactylm, Sistruni, CoTtchoUpas. 

Fam. 2. Curalllophilidae, — Animal living in Madrepores, 
resembling Purpura, radula absent ; shell variously shaped, often 
deformed or tubular, operculum that of Purpura, if i)resent. 

Miocene . Principal genera : Rhizochilus, Coralliophila, 

Leptoconchus, Magilus (Fig. 29, p. 75), Rapa. 

Fam. 3. ColumhelUdae. — (Kadula, Fig. 123, ]p. 222.) Shell 
small, solid, fusiform, aperture narrow, canal short, outer lip 

thickened. Miocene . Single genus, Colurnhella (subg., 

Nitidella, Anachis, Meta, Siromhiwt, Atilia, Conidea, Awphissa, 
Mitrdla, and others). 

Fam. 4. Nassidae . — Foot long and broad, often with terminal 
appendages ; siphon long, eyes on outer base of tentacles, cmitial 
tooth of radula arched, multicuspid, lateral strongly bicusi)id, 
with small denticles between the cusps; shell, rather small, buc- 
cinoid, columella more or less cfillous, outer lip thickened, often 
toothed ; operculum corneous, edges often toothed. Miocene 

. Principal genera : Nassa (with many sections), 

Amycla, Desmoulea, Cydonassa, Canidia (subg. Clea and Nas- 
sodonta), Dorsanum, Bullia Bucemnnops, Fig. 62, p. 185), 
Trumaria. 

Fam. 5. Buccinidae. — Siphon rather long, eyes at outer base 
of tentacles ; central tooth of radula with 5 to 7 cusps, laterals 
bicuspid or tricuspid (Fig. 118, p. 220); shell more or less fusi- 
form, thick, covered with a periostracum, canal of varying length, 
outer lip simple or thickened ; operculum corneous, nucleus vari- 
able in position. Cretaceous Principal genera : Group 

i. Chrysodomus (with sections Neptunea, Volutopsis, Pyrolofusus, 
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Jumala), subg. Sipho ; Siphonalia (subg. Kelletia), Group ii. 
Liomesus ( = Buccinopsis), Group iii. Buccinum (Fig. iB, p. 6 ; 
subg. Volutharpa, Neohuccinum), Group iv. Cominella^ Triton- 
idea, Pisania, Euthria ; Anura (Miocene), 
Genea (Pliocene), Metida, Engina. Group v. 
Phos, Hindsia. Group vi. Dipsfmcus ( = 
EburncC), Macron. Group vii. Pseudoliva. 

Fam. 6. Turhinellidae. — Central tooth 
of radula tricuspid, median cusp strong, 
lateral bicuspid, cusps unequal (Fig. 117, 
p. 220); shell fusiform or pear-shaped, 
heavy, canal often long, operculum corneous, 
claw - shaped, nucleus terminal. Miocene 

. Principal genera : Turlinella, Cyno- 

donta, Tndiela (subg. Streptosiphon) ; Piropsis 
(Cretaceous), Perissolax (Cretaceous), Strep- 
Fig. 2S0.—Turhindla pyr- sidura (Eocene, subg. Wlhitneya), Melapiuin, 
wm Lam., Ceylon. x|. ^ Busycon, Fig. 150, p. 249, in- 

cluding Sycotypus), Melongena (subg. Pugilina, Myristica)\ Lio~ 
stoma (Eocene), Hemifusus (subg. Megalatractus), Ptychatractus, 
Meyeria. 

Fam. 7. Fasciolariidae. — Eyes at the outer base of the tenta- 
cles (radula. Fig. 121, p. 221); shell 
fusiform, spire long, canal often very 
long, columella often with a fold at 
the base ; operculum corneous, nucleus 

terminal. Cretaceous . Principal 

genera; Fusvs (including Sinistralia, 

Aptyxis, Troschdia), with subg. Serri- 
fimis (Cretaceous), Clavella (subg. 

Thersites), Fasciolaria, Latirvs (subg. 

Polygona, Peristernia, Leucozonia, 

Lagena; Mazzedina (Eocene), Chaseax). 

Fam. 8. Mitridae. — Siphon rather 
long, with anterior appendages, eyes 
on the side of the tentacles, proboscis 
very long ; radula variable, laterals Fro. 2Si.—Latiru8 {Leucozonia) 
sometimes lost (Fig. 120, p. 221); Wood, Panama, 

shell fusiform, solid, spire more or less pointed, columella with 
several prominent folds, the posterior the largest, aperture rathe^ 






XIV 


MONOTOCARDIA — RACHIGLOSSA 


narrow, no operculum. Cretaceous . I*rincipal genera: 

Mitm (with many sections), subg. Strigidella, 

Mitreolay Mutyca, Dibaphus ; Plochdaea (Ter- 
tiary), Thala; Tnrvuula (with several sec- 
tions), Cylindromitray and Imbricaria, 

Fam. 9. Volutidae . — Foot broad in front, 
head laterally dilated into lobes, on which are 
placed the sessile eyes ; siphon prominent, with 1 

appendages at the base (radula. Fig. 122, 
p. 221); shell thick, often shining, fusiform, 
globular or cylindrical, columella projecting 
anteriorly, with several folds, the anterior of 
wliich is the largest, aperture notched, canal V 

not produced, operculum generally absent. Fm. 282.— wi- 

Cretaceous . Principal genera: CrypU)- AusUaHa"' 

chorda (Eocene), Zidoiuty Frovocator, Guivillcay 

Yctus ( = Cymbiuin)y Voluta (with many sections) ; Volutolithes 

(chiefly Eocene), Volutolyriay Lyria, Emietay Volutomitra. 

Fam. 10. Margirtellidae , — Foot broad, siphon without ap- 
pendages, mantle largely reflected over the shell ; ra’dula without 
laterals, central tooth comb-like, cusps rather blunt ; shell oval 
or conoidal, polished, aj)erture narrow, outer lip 
thickened, columella with many folds ; no oper- 
culum. Eocene . Ih’incipal genera : Mar- 

gindhiy with many sections and so-called sub- 
genera ; Persiculay Pachyhathron (?), VystiscMSy 
Microvohita. 

Fam. 11. JTarxiidac.—Yoot large, with a 
transverse groove, separating off a semi-lunar 
propodium; mantle ])artly reflected over the 
shell ; shell v(»ntricose, polished ; spire sliort, 
strongly longitudinally ribbed, ribs prolonged 
over the suture, columella callous; no oper- 
culum. Eocene . Single genus, llwrpa 

Fio. 283. — Oliva^r- (silbg. tiilut). 

Panama. * Fam. 12. Olividac, — Propodium semi-lunar, 

with a longitudinal groove above, meso]>odium 
reflected laterally over the shell ; central tooth of radula tri- 
cuspid on a very broad base, lateral simple, hooked ; shell sub- 
cylindrical or fusiform, polished; aperture narrow, operculum 
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present or absent. Cretaceous- Principal genera : Oliva 

(Figs. 283 and 98, p. 200), Olivancillaria (in- 
cluding TAntricula and Agaronia), Olivdla, 
Ancilla (subg. Ancillina), 

(e) Toxoglossa (p. 218). — Kadula with iioi - 
mal formula 1*0*1., teeth large ; oesophagus 
with a large poison gland ; animal carnivorous, 
exclusively marine. 

Fam. 1. Terehridae. — Eyes at the end of 
the tentacles, shell subulate, 
many whorled, operculum 
with terminal nucleus. 

Eocene . Single 

genus, Terehva^ with several 
sections. 

Fam. 2. Conidae. — Eyes 

on outer side of tentacles, 

siphon prominent; shell coni- 

-Tcrehrasvh. fusifomi, aperture nar- 

lUcuta L., Ceylon. . „ ^ ^ 

i:ow. Cretaceous . 

Principal genera : Conus, shell solid, spire 
short, aperture narrow, straight, internal par- 
titions partly absorbed; Conorhis, Genolia fui, 285. — Pieumtoma 
(with several sections, chiefly Tertiary), Fus- 
ionella, Columharium, Clavatnla, Sarcula, Pleu^ 
rotoma ; Bovsonia (Eocene), Drillia (subg. Spirotro'pis), Bela, 
Mangiiia (including Daphnella, Clatlmrclla, and others), Halia. 
Fam. 3. Cancellariidae, — Proboscis short, usually no radula, shell 

oval, columella strongly plicate ; no operculum. Cretaceous . 

Single genus, Camellaria (subg. Merica, Trigomstoma, Admete), 





CHAPTER XV 

CLASS GASTEROPODA : OPTSTHOBRANCHTATA AND 

PULMONATA 

Order III. Opisthobranchiata. 

Visceral loop not twisted (excejit in Actaeon) in a figure of 8 
(Euthyneurous type, p. 203), auricle usually beliind the ventricle, 
ctcnidium often replaced by secondary branchiae^, pallial cavity, 
if existing, more or less open, sliell present or absent, operculum 
absent (except in Actaeon), animal hermaphrodite, witli separate 
sexual openings, marine only. — Carbonift^rous to ])resent time. 

The character of their nervous system decisively removes the 
Opisthobrancliiata from the Prosol )rancl data, and approximates 
them to the Pulrnonata. Actaeort, however, whicJi is strep to- 
neurous, as well as possessing an o])erculate shell with ])rominent 
spire, forms an interesting link with the l^rosul mind data. At 
the opposite extreme to Actaeon stand forms like Siphonaina 
and Gadinia, which are probably close links with the Pulrnonata 
(p. 19). The generative system of the whole group, which is, 
as in the Basomrnatophora, of the hermaphrodite tyi)e, without 
mutual fecundation, is another link of connexion with the 
Pulrnonata. The respiratory organs present the most varied 
forms, sometimes consisting of one ctenidiurn (never two), some- 
times of secondary branchiae, variously placed, while sometimes 
no special organ exists. 

The prolongation of the foot into lateral epipodia or parapodia 
(possibly to aid in swimndiig), and the effect of the ej)ipodia 
upon the shell, according as they involve it comi)letely or 
partially, are among tlie most instructive features of the 
Opisthobranchiata. If tlie epipodia are developed on the 
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anterior portion of the body, and do not become reflected, they 
may, as in most Pteropoda Thecosomata, not directly affect the 
shell. But when, as in the Tectibranchiata, the epipodia are 
medio-lateral, and tend to envelope the shell, their effect may be 
traced by a series of forms varying in proportion to the amount 
of shell-surface covered by the epipodia. The two principal lines 
along which modification takes place are the gradual reduction 
of the spiral nature of the shell, and the gradual lessening of 
its solidity. Both these changes are the direct result of the 



Pio. 286. — Illustrating the transitiou 
of form in tho shell of Tecti- 
branchiata from the pointed spiral 
to the almost ilatteiied plate : A, 
Actaeon; 'B, Aplustru7H ; C, Cyli- 
chna; D, Atys ; E, Philine; F, 
Dclabdla ; O, Aplysia ; H, Pleu^ 
robranclms, (Not drawn to scale.) 


Fia, 287.— Illustrating the gradual covering 
of the shell in the Tectibranchiata by the 
epipodia and mantle : A, Haminea ; B, 
Scaphander; C, Ajtlmtrum ; D, Aplysia; 
E, Philine ; c.d^ cc})halic disc ; ep^ ep, 
epipodia ; sh^ shell. (Not drawn to scale.) 


additional protection afforded to the visceral mass by the 
reflected epipodia, which renders the existence of a shell less 
and less necessary. A precisely similar line of change is seen 
in the Puliuonata, culminating in forms like Avion (j). 174). 

The habits of life of the Opisthobranchiata are very varied. 
Some, especially the heavier types, burrow in sand, and are then 
usually furnished with a broad cephalic disc, as a digging 
apparatus; some (certain Bulla) flit about in shallow pools on 
mud flats; others (Phyllirrhoe and the Pteropoda) swim freely 
in the open sea ; others (most Nudibranchiata) crawl slug-like on 
sea-weeds or corallines, and in colour singularly harmonise with 
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their environment (p. 71 f.) ; others again {Siphonaria, Gadinia), 
stick limpet-like to rocks between tide marks. As a rule, they 
occur only in clean salt water, but EmUetonia has been found in 
the Victoria Docks at Eotherhithe, as well as in parts of the 
Baltic, where the water has only 7 parts of salt in 1000, while 
Limapontia occurs in nearly fresh water at Bornholm and 
Gothland. 

Their food varies greatly. As a rule, they are frugivorous, 
but many cases of carnivorous habit occur. Scaphander has 
been seen to swallow Dentalium six at a time, and in six hours 
the shells of all were reduced to tiny fragments. Glaucus devours 
the soft portions of the pelagic Porpita and Velclla ; Idalia 
elegane eats its way into the test of Ascidians, and completely 
buries itself in the body of its prey.^ 

The Opisthobranchiata may be classified as follows : — 


1. Tectibranchiata 

Opisthobranclilata < 2. Abcoglossa 

3. Nudiuuanchiata 

4. Pteuopoda . 


^Balloidaa 
A'plysioidea 
" Pleurohranchoidea 
Biphonarioidea 

f Cladohepntica 
\ Holohfpiitica 
f Thecosomala 
\Gymno807nata 


Sub-order I. Tectibranchiata. — Bight ctenidium usually 
present, more or less concealed by the mantle fold, vis(!eral 
ganglia united by a very long commissure^ shell variable in 
form, more or less enveloped in folds of the mantle and foot, 
often becoming rudimentary. 

Section I. Bulloidea. — Shell more or less spiral, internal or 
external, epipodia more or less developed, a broad cei)halic 
disc, distinct from the dorsal region, usually no tentacles, eyes 
sessile. 

Fam. 1. Actaeonidae. — Shell spiral, solid, entirely covering 
the animal ; spire generally prominent, operculum corneous, 
visceral loop streptoneurous, no epipodia, radula multiseriate, 

teeth numerous, very small Carboniferous . Genera : 

Actaeon (Fig. 2 8 6 A.) ; Volvaria (Tertiary), Fortisia (Eocene) Actae- 

1 J. Power, Ann. Mag. N. H. (2) xx. p. 334 ; P.Z.S. 1836 p. 113 ; Arch. Zool. 
Exp. Oin. (3) i. 1898, p. 105. 
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oniim (Carboniferous), Cylindrites (Secondary strata), Actaeonella 
(Cretaceous). 

Fam. 2. ToTTiatinidae, — Shell spiral, cylindrical, entirely 
covering the animal; spire concealed, cephalic disc with two 
large tentaculitbrm appendages behind, no radula. Genera : 
Tomatina (= Utriculus), Volvula, 

Fam. 3. Scaphandridae , — Shell more or less external, covering 
all or nearly all the animal, spire concealed, cephalic disc simple 
or notched behind, epipodia well developed, radula with first 
lateral very large, stomach sometimes with powerful gizzard. 
Genera: Scaphander (Fig. 287 B); Sahatia Smaragdi- 

nella, Atys (Fig. 286 D), Gylichna (Fig. 286 C), Amphisphyra. 

Fam. 4. Bullidae , — Shell external or partly internal, spire 
quite or nearly hidden, cephalic disc broad, without appendages, 
epipodia often large ; radulausually multi seriate. Genera : Bulla 
(subg. Hajiiinea), Ace/ra^ mantle with long filiform appendage, 
e])ipodia touching over the shell ; Cylindrobulla, Volvatella, 

Fam. 5. Aplustridae . — Shell partly internal, overlaid by the 
l)()Sterior part of the cephalic disc, spire not prominent, epipodia 
reflected, tentacles auriform. Single genus, Aplustrum (Fig. 286 
B ; subg. Hydatina), 

Fam. 6. Binyicvlidae . — Shell small, solid, covering all the 
animal ; spire somewhat prominent, aperture narrow, plicated ; 
peristome thick, sometimes channelled, cephalic disc with a kind 
of posterior siphon. Genera : Rinyicula ; Avellana (Cretaceous). 

Fam. 7. Gastropteridae , — Shell completely internal, nautiloid, 
small ; epipodia very large, rounded, united behind ; cephalic disc 
simple. Single genus, Gastroptcron, 

Fam. 8. Fhilinidae . — Shell completely internal, thin, slightly 
spiral ; epipodia thick, cephalic disc large, thick, simple ; stomach 
usually with powerful gizzard. Genera: Philine 287 E), 
Golp^odaspiSj GolohocephaluSj Ghelinodura^Phanerophthalmus, GrypU 
ophthalmus, 

Fam. 9. Doridiidae, — Shell completely internal, a mere 
pellicle with a small spiral nucleus, mantle with two posterior 
lobes and a caudal filament, epipodia reflected. Single genus, 
Doridium, 

Section II. Aplysioidea. — Shell small, usually not spiral, 
sometimes absent, no cephalic disc, head prominent, with two 
pairs of tentacles, epipodia large, more or less reflected. 
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Fam. Aplysiidae. — Oluiracters those of the section. Genera : 
Aplysia (Fig. 287 D), shell arched, flattened, animal large (the 
“sea hare”); Dolahclla, shell suh-triangiilar (Fig. 280 F) ; Dola- 
hrifer, shell sub-quadrangular, not spiral ; Notarchvs, shell micro- 
scopic, spiral ; Phyllaplysia, body very depressed, ovtil, no shell. 

Section III. Ih.KUUonuANciioiDEA. — l)orsal region protected 
by a wide iwtaeum or dorsal covering, or by a shell ; no epipodia, 
ctenidium large, external, tetween the riglit under surface of the 
notaeum or shell and the foot ; head short, shell jn'esent or 
absent. 

Fam. 1. FleurohraiicJiidar, — Shell intm-nal or alisent, notaeum 
with spicules, radula niultiseriate. Genera : Plciirohranchus 
(Fig. 286 H), (?) Haliotiiiclla, Pleio'obramdtaen, (?) Ncda. 

Fam. 2. liuncAnidae , — lUauchial lamellae few, under the 
posto'ior right notaeum, no shell. Single genus, PumAna. 

Fam. 3. l/mhrellidae . — Shell external, depressed patellil\)iTii, 
not covering all the animal ; foot very thick, (itenidium large, 
head depressed, small ; radula niultiseriate, teeth innumerable, 
very small. Gcunua: Umbrella (Fig. oa, p. 10), Tylodimu 

Section IV. Sipiionauioidea. — Shell patelliform, biunchia 
replaced wholly ()r in part by a pulinonaiy sfic, jmlmoiiary 
orifice closed by a small lobe, radula niultiseriate, teeth very 
small. 

Fam. Siphonariidae, — Characters those of the section. Genera : 
S'lplwnaria (branchia as well as i)ulmonaiy sac), Oad/mia (no 
branchia). These genera, hitherto placed among the rulmonata, 
have been recently shown (sec p. 19) tf) be modified Ojiistho- 
branchiata. 

Sub-order II, Ascoglossa.^ — I>ranchi»a, mantle cavity, and 
shell generally wanting, liver ramified, rami enclosed in external 
papillae (ccrata) or beneath the dorsal surface, kidney not com- 
pact, branched; radula with one senes of strong teeth (Fig. 288), 
worn out teeth at the front end not dropjiing off, but preserved 
in a special sac (dcr/ico?). 

According to Bergh, the Ascoglossa form a link between the 
Tectibranchiata, — especially the A jdysiidae and Bullidae — and the 

^ In deference to Bergli's liigh autliority, the ))Osition of a sub-order is licro 
given to tlic Ascoglossa. It may be doubted wli ether that position will stand the 
tost of further investigation, and whether the families concerned will not bo added 
to the Cliidohepatic Nudibranchs, 
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Cladohepatic Nudibraiichs, while the Pleurobranchidae form a 
somewhat similar link l)e tween the Holohepatic Nudibraiichs and 
the other Tectibranchiata. 

Fam. 1. OxyTioeidae} — Animal long, tentacles auriform, 
epipodia large, simple, or wing-like, a ctenidium and branchial 

chamber on right side, shell small, thin, 
slightly spiral, not covering much of 
the body. Genera : Oxynoe ( = Lophocer- 
cus), Lohiger. 

Fam. . 2. Hermaeidae. — Body de- 
pressed, ccrata in several rows, no 
branchiae, no shell. Genera : Hermaea, 
PhylloJyninchuSy SHliger, Alderia. 

Fig. 288.— Radula of one of Fam. 3. Elysiidae, — Body depressed, 

Ascoglossa (Klyaia. virUiU _ , ^ i ^ j t -o 

Mont. X 40). head rather elevated, tentacles auritorm, 

sides of body dilated into two large 
wings, which enclose branches of the liver and sometimes fold 
over the dorsal surface, no branchiae, no shell. Genera : Elysia, 
2%ridachia, Placohranchus, 

Fam. 4. Limapontiidae, — Body slug-like, liver scarcely rami- 
fied, no branchiae, shell, or appendages. Genera; Limapontia, 
Actaeonia, Cenia, 

Sub-order III. Nudibranchiata. — Shell absent in the adult, 
no ctenidium proper, or osphradium, cerata dorsal or dorso-lateral, 
nervous system concentrated, kidney not compact, ramified, penis 
letractile, jaws and radula usually present. 

Section I. CLADOHErATiCA. — Cerata usually latero- dorsal, 
elongated, or arborescent, buccal mass strong, jaws present, liver 
generally ramified, rami generally entering the cerata. 

Fam. 1. Aeolidiidae, — Body slug-like, head w ith tentacles and 
rhinophores, dorsal area with rows of cerata, which usually con- 
tain sting -cells, radula variable. Genera: Aeolis, Crateim, 
Tergipes, Corypliella, Pavorhtus, Facelina, Flahellina, Fiona, 
Glaucus, Janus, Hero, with many sub-genera. 

Fam. 2. Tethymelihidac. — Body slug-like, large, ceriita very 
large, no sting-cells, head large, cowl-shaped, no tentacles, rhino- 
phores much foliated, no radula. Genera : Tethys, Melibe. The 
cerata of Tethys, which are capable of independent movement 

' This family has also been classified with the Bnlloidea and with the 
Aplysioidea. 
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when severed, have been described as parasitic worms. Tethya 
feeds on molluscs and Crustacea. 

Fam. 3. Lomanoiidae, — Body slug-like, dorsum prominent, 
undulating or lobed, with one row of small cerata, no tentacles, 
rhinophores much foliated, radula with uncinated dentate laterals. 
Single genus, Lomanotus. 

Fam. 4. Dotonidae. — Body slug-like, small, two rows of cerata, 
each ceras surrounded by a ring of tubercles, rhinophores simple, 
radula uniseriate. Single genus, Doto. 

Fam. 5. DeTidronotidae, — liody slug -like, somewhat com- 
pressed, two rows of arborescent cerata, no tentacles, frontal 
margin with arborescent papillae, rhinophores arborescent, radula 
multiseriate. Genera : Campaspcy Dendronotus, 

Fam. 6. Bornellidae, — Two rows of dorsal papillae, with 
branchiform appendages at the base, rhinophores foliate, radula 
multiseriate. Single genus, Bornella. 

Fam. 7. Scyllaeidae. — Body oblong, compressed, two large 
foliated cerata with branchial appendages on the inner side, no 
tentacles, rhinophores large, radula multiseriate. Single genus, 
Scyllaea. 

Fam. 8. Phyllirrhoidae. — Body much compressed, with bovine 
head and neck, tail tapering, no tentacles, rhinophores simple, 
teeth few, no marginals. Single genus, Fhyllirrhoe. 

Fam. 9. Pleurophyllidiidae. — Body elongate-oval, snout broad, 
covered by an arched shield with lateral angles prolonged, 
branchiae consisting of two rows of lamellae placetl between the 
notaeum and the foot, no tentaeJes, rhinopliores short, hidden, 
radula multiseriate. Single genus, Pleurophyllidia, 

Fam. 10. Pleuroleuridae, — AnimiiX Pleurophyllidia, 

but without the branchial lamellae. Single genus, Pleuroleura. 

Fam. 11. Tritoniidae, — Body long, two lows of unequal 
arborescent cerata, rhinophores with ramose apiiendages, liver not 
prolonged into the cerata. Genera : Tritonia, Marionia. 

Section 2. Holohepatica. — Cerata medio -dorsal, retractile 
or not, usually paucifoliate, liver never ramified, usually no 
jaws. 

Fam. 1. Dorididae. — Branchia consisting of a circle or semi- 
circle of pinnate leaves united at the base, surrounding the anus, 
almost always retractile into a cavity, rhinophores foliate, no 
suctorial proboscis, radula multiseriate. Genera: Bathydoris, 
VOL. HI 2 F 
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HexahranchiLS, Archidoris (Fig. 289), Discodoris, Diaulula, 

Cadlina, Centrodoris, Platydoris, Chro- 
modoris, Miamira^ with many sub- 
genera. 

Fam. 2. Doriopsidae, — Branchia and 
rhinophores as in Dorididae, oral aper- 
ture pore-shaped, suctorial, no radula. 
Single genus, Doriopsis. 

Fam. 3. Pkyllidiidae, — Body oval, 
depressed, leathery, a ring of briinchial 
lamellae, only interrupted by the head 
and genital papilla, under the pallial 
edge, oral aperture pore -shaped, suc- 

Fig. 2S9.--Doris {Archidoris) no radula. Genera: Phyllidia, 

tubercvlata L., Britain ; «, FnicHa. Bergh unites tliis and the 

roiiinling the aims ;m, male preceding feniily 111 the group Porosto- 
organ ; r/t, rA, rhinophores. ^nata, wliicli, with Fam. 1, form the 

X s. 

group Dorididae cryptohranchiatae. 

Fam. 4. Polyceridae. — Body slug-like, brancliiae not retractile, 
usually surrounding the anus, rhinophores foliate, tentacles 
simple, radula variable, central tooth generally wanting. Genera : 
Notodoris, Triopella, Aegires, Triopa, /ssrr, Triopha, Crimora, 
Tliecacera, Polycerella, Palio, Polycera, OJiolct, IVevelyana, Nem- 
hrotka, Etcplocamus, PlocamoplieruSy Kalinga. 

Fam. 5. Goniodoridae. — Body oval, depressed, branchia multi- 
foliate, usually disposed in shape of a horse-shoe, rhinophores 
foliate, retractile or not, mouth with a large suctorial proboscis, 
radula variable. Genera : Ahiodoris, Doridunculus, Acanthodoris, 
Adalaria, Laraellidoris, Calycidoris, Goniodoris, Idalia, Aricula^ 
Drepania. 

Fam. 6. Coramhidae. — Body otherwise i)om-like, but with 
two posterior branchiae under the mantle edge, jaws present, no 
central tooth, about five laterals. Single genus, Coravibe ( = 
Hypohramhiaea). Bergh unites this and the two preceding 
families in the group Dorididae phanerohranchiatae. 

Sub-order IV. Pteropoda. — Tlic Pteropoda are pelagic 
animals in wliich the lateral portions of the foot are modified 
into fins, which are innervated by the pedal ganglia. . Their 
systematic position has undergone recent revision. It has been 
the custom to regard them as an Order of equivalent value to the 
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other four, while some have held them to be a subdivision of 
Cephalopoda. Modern authorities, chief among whom is Pel- 
seneer, regard the Pteropoda not as a primitive, but as a derived 
and recent group. They are " Gasteropoda in which the adapta- 
tion to pelagic life has so modified their external characters as 
to give them an apparent symmetry.” 

The principal point which relates the Pteropoda to the 
Gasteropoda is the asymmetry of the visceral organs, intestine, 
Iieart, kidney, and genital gland, which results from tlieir 
development on one side only of the body. Their hermaphro- 
ditism and the structure of their nervous system relate them to 
the Euthyncura rather than to the Strcptoiieura. Eesemblanccs 
in the organs of circulation and generation approximate them to 
the Opisthobranchiata rather tlian to the Pulmonata, while of 
the two groups of the former, tliey tend to closer relationsliip 
with the Tectibranchiata than with the Nudibranchiata. The 
two sections of Pteropoda have been considered of distinct origin, 
the Thecosomata being derived from the Bulloidea, tlie Gym- 
nosomata from the Aplysioidea.^ 

Thus the Pteropoda are a group whose true relations arc 
masked by the special conditions of their existence, wliich have 
tended towards the development of certain organs, tlie so-called 
“ wings ” and the shell, which give tliem an aj)par(;nt symmetry ; 
this symmetry disappears on a closer investigation f)f the internal 
organs. They are hermaphrodite ; the genitiil gland has a single 
efferent duct (except in some Cavolinia), a seminal groove leading 
to the copulatory organ, which in the Thecosomata is on the 
right side of tlie head, in the Gymnosomata on the right side of 
the foot. The genital system resembles that ’ of the Opistho- 
branchiata and of the digonoporous ” l^ulmonata. 

Section 1. Thecosomata. — Shell or cartilaginoid test always 
present, fins united by an intermediate lobe, ctenidia as a rule 
absent, replaced by secondary branchiae, no very distinct head 
or eyes, one pair of tentacles ; cereliral ganglia on the sides of 
and under the oesophagus ; mdula with three rather large teeth 
in a row, generally unicuspid, jaw in two pieces, stomach with 
horny plates, anus generally on the left side. 

The Thecosomata feed on Protozoa and the lower Algae ; 

^ It appears more convenient to treat the whole group together, rather tlian deal 
with tlie two sections separately. 
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they have no proboscis, and the intestine is flexured. The fins 
are always closely connected with the head, or what answers to 
it. About 42 species are known, belonging to 8 genera. 

Fam. 1. Idmaeinidae. — ^Fins very large, branchial chamber 
dorsal, anus on right side ; shell spiral, sinistral (ultra-dextral, 
see p. 249), operculate. Glenera : Limacina, shell helicoid, 
deeply umbilicated (Z. heticina swarms in Arctic seas and 
furnishes food for many Cetacea) ; Peraelis, spire turreted, 
aperture large, elongated, produced anteriorly, no umbilicus; 
operculum sinistral, in spite of the shell being ultra-dextraL 

Fam. 2. Cavoliniidae. — Fins large, branchial chamber ventral. 



Fig. 290. — Illustrations of Pteropoda Thecosomata : A, Limacina australis Eyd.; B, 
Cleodora cuspidaia Bose, (shell only) ; G, Cuvierina columnclla Hang ; D, Creseis 
virgvla Hang ; E, Clio halantium Hang ; /, /, tins ; liver ; o, ovary ; sh, shell. 
(After Souleyet.) 


shell a non-spiral cone, angular or round, very thin, embryonic 
portion distinct, or formed of two separate plates. 

In Cavolinia ( = Hyalaea, Fig. 5, B, p. 10) the shell consists of 
two plates, the ventral being convex, with one to three sharp 
spines at the posterior end, the dorsal flatter, without spines. 
The apertui-e is broad, contracted dorso-ventrally. Two long 
pointed prolongations of the mantle project from the lateral slits 
of the shell, and probably serve to balance the bulky body when 
swimming. Fins trilobed at the margin. Cleodora has only 
rudimentary lateral pralongations, fins bilobed, shell triangular, 
angles greatly produced, aperture very wide, dorsal side keeled. 
In Cuvienna the shell is straight, sub-cylindrical, with a median 
partition, slightly expanding towards the apex, which is truncated 
in the adult. The principal sub-genera of Clio are Creseis, which 
has an elongated sub-cylindrical shell, sometimes slightly curved. 
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smooth or grooved ; and Clio proper, in which the shell is long, 
angular, with a dorsal rib, apex ( = embryonic shell) rounded, 
constricted. Styliola and Hyaloeylix also belong to this group. 

Fam. 3. Cymlyidiidae. — Test (which is not homologous with 
the shell of other Thecosomata) slipper -shaped, cartilaginoid, 
simply a thickening of the mantle ; embryo with a calcareous, 
spiral, operculate shell Genera : Cymhulia, Cynibvliopais, Oleba. 

Three other families, Hyalithidae, Fterothecidae, and Conu- 
lariidae, from Palaeozoic strata, are generally added to the Thecoso- 
mata. All are fossil only, and it is doubtful whether they are 
really Molluscan. Pelseneer holds that no true fossil Pteropoda 
occur until the lower Tertiaries. 

Section 2. Gymnosomata. — Mantle and shell absent in the 
adult, fins not connected by a lobe, no branchial chamber, head 
well developed, with two pairs of tentacles, eyes on the posterior 
pair ; cerebral ganglia above the oesophagus ; buccal cavity pro- 
vided with a pair of protrusible “hook-sacs,” radula generally 
with 4 to 12 hooked laterals, central tooth triangular, jaw in one 
piece, composed of homy plates, no horny plates in stomach, 
anus on the right side. 

The Gymnosomata are carnivorous, feeding on Thecosomata 
and other pelagic animals, being provided for this purpose with 
a formidable buccal armature of hook-sacs and suckera The 
intestine, as usual in carnivorous groups, passes straight from the 
stomach to the anus ; the fins are not attached to the head, but 
to the anterior part of the body. The larva has a straight shell, 
which disappears in the adult. About 21 species are known, 
belonging to 7 genera. 

Fam. 1. Pneumodermatidae. — ^Animal .fusiform, fins rather 
small, head prominent, anterior part of buccal cavity protrusible, 
with suckers on the ventral side, hook -sacs well marked ; 
branchia on right side, skin soft, pigmented. Genera : Bexio- 
hratuihaea, no posterior gill, hook-sacs short ; Spongiohraruhaea, 
posterior gill circular ; Pneumoderma, gill tetraradiate, hook-sacs 
long. 

Fam. 2. Cliompmdae . — Body barrel-shaped, proboscis three 
times the length of the body, no buccal appendages, hook-sacs 
short, no lateral gill, posterior gill tetraradiate, skin not pig- 
mented. Clioiuypm is the single genus. 

Fam. 3. Notobrarhchaeidae. — ^Body ovate, buccal appendages 
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^ ^ 

conical, no lateral gill, posterior gill with three radiating^ crests, 

skin pigmented. Notohranchaea is the single genus. 

Fam. 4. Clionidae , — Body long, angiilated behind, proboscis 
short, moiith with two or three pairs of appendages, no jaw, no 

gilla- 

Clione limacina is so abundant in Arctic seas as at tinies to 
colour the surface for miles. Each of the cephalic appendages 
has about 60,000 minute pedicellated suckers. 



Fio. 291. — A, An- 
terior portion of 
Pneumodemia ; 

B, Clione lima- 
cina Phipps ; 

C, Halopsyche 
Gaudickaudi 
Soul. ; /, ft fins ; 
k.s, h.Sf hook - 
aacs ; /./, lobe of 
the foot ; s, 
suckers ; o, pos- 
terior geuital 
orifice; tt 
tentacles. (After 
Souleyet.) 


Fam. 5. Halopsychidae , — ^Body ovate, thick, rounded behind, 
no gill or proboscis, fins long, narrow, broadened at the ends, 
epidermis sub-cartilaginoid. 

Halopsyche ( = Euryhia) has the power of withdrawing its 
head completely into a sort of pocket, which is closed by an 
anterior fold of the mantle. There are two long non-retractile 
buccal appendages. 

Order IV. Polmonata 

Gasteropoda with two pairs of tentacles, visceral loop euthy- 
nemrous, ganglia concentrated round the oesophagus ; breatliing 
air by a pallial cavity fonned by the union of the front edge of 
the mantle with the cervical region, sexes united, shell present 
or absent, no opercultun ^ (except in Amphibola). 

Sub-order I. Basommatophora. — Eyes generally at the base 
of the tentacles, which are not retractile, male and female genital 
orifices separate, radula (p. 235) multiseriate, shell always present, 
external Fresh water or quasi-marine. 

* An oporcoluni is said to exist in the young forms of Auricula and Parmaeella. 
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Fro. 292. — Examples of the AuricuHflnp : 
A, Aurieula Judae Lam., Borneo ; B, 
Scarahus Leasoni Blaiuv., £. Indies ; 
C, Casaidulti mustelma Besli., N. 
Zealand ; D, Melampus cimtnnctis 
Miihlf., S. Pacific ; E, Pedipes quad- 
ridena Pfr., Jamaica. 


Fab^ 1. Auriculidae, — Breathing organ a pulmonary sac or 
true litng; shell spiral, conoidal, internal partitions usually 
absorbed, aperture more or less 

strongly toothed. Jurassic . 

Genera ; Auricida, Carychium, 

Scarahus, Alexia, Tralia, Pleco- 
trema, Passidula, Melampus, Leu- 
conia, Pedipes (Fig. 292). 

Fam. 2. Otinidac. — Shell auri- 
form, spire very short. Genera : 

Otina, Camptonyx. — Eecent only. 

Fam. 3. Ampliiholidac, — A 
pulmonary sac on riglit side of 
neck, eyes almost pedunculate, 
shell turbinate, rudely sculptured, 
operculate. — Eeceiit. Genus, 

Amphihola (Fig. 293) ; subg. 

Ampullarina, 

Fam. 4. Limnaeidae. — Pul- 
monary sac protected by an external lobe ; shell variable, fragile. 

Jurassic (i.) Aucylhiae, shell more or less limi)et-shaped. 

Genera: Ancylus, Gundlachia, Latia. (ii.) LimnaeiTiae, shell spiral. 
Genera: Limnaea,Amphipeplea,Erinna,Lantzia,Pompliolyx, Choa- 
nomphalus (with Carinifex), (iii.) Planorhinae, shell sinistral, spire 
flattened or elevated. Genera: Planorbis, Isidora ( = Bulinus), 

Fam. 5. Physidae. — Mantle more or less reflected over the 
shell (radula, Fig. 141, C, p. 236) ; shell sinis- 
tral, lustrous. Jurassic Genera: 

Fam. 6. Chilinidae. — Lobe of pulmonary 
sac large, tentacles broad ; shell ventricose, 
rather solid ; columella plicate. Miocene . 

Single gemie, C%ilirm. 

Sub-order n. Stylommatophora. — Two 

pairs of retractile tentacles (except in Jandla), eyes at the tip of 
the upper pair, male and female orifices united (except in Vaginu- 
lidae and Onchidiidae), no distinct osphradium. 

Fam. 1. TestMellidcie.-'—Anivael carnivorous, slug-like or 
spirally coiled, no jaw (whence the name Agnatha, often given 
to this group), radula with usually few, large, sickle-shaped 
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teetji (p. 232), shell variable, rarely absent, usually external. 
Cretaceous . Principal genera : Chlamydephorus (shell a 




Fia 294. — A, Ennm {Cfithvlina) palanga 

F<*r ; A', young of same ; B, Oibbus JbJieiua.) 
lyonetianua Pall. Vam 


simple plate, internal), Apera, 
Testacella (slug -like, shell ter- 
minal), Strehelia, Streptostyla, 
Glandiria^ Salmidla^ Petenia^ 
Pseudosubulina, Streptostele, 
Tomostele, Streptaxis (Fig. 203), 
Gibbus, JUnnea, JDaudebardia (Fig. 
193), fSchizoglossa, Guesteria, 
Aerope, Paryphanta, Rhytida 
(subg. Biplomphcdus, Elaea and 


Fam. 2. Selenitidae. 


internal, external, or absent; jaw present, radiila Testacellidan, 

central tooth present. Tertiary . Genera : Selenites, 

Plutonia, Trigonoclilamys^ Pseudomilax (?), Rathouisia (?). 

Fam. 3. Limacidae. — Shell present or absent, internal or 
external, spiral or not, tail often with a mucus pore, jaw (Fig. 
107, A, p. 211) with projecting rostrum on cutting edge, radula 
with central tooth tricuspid, laterals bi- or uni-cuspid, marginals 

aculeate. Eocene . Genera: Otoconcha, Urocychis, Maria- 

ella (subg. Tennentia)y ParmarioQiy .HeUcarioriy CystopeltMy Aspi- 
deluSy Estria, Vitrinopsis (subg. Vitrinoidea, Parmella), Bamay- 
antiay Nanina ( = Ariophanta, including Pachystyla, Rhysota, 
Hem iplecta, Troclionaninay Euplecta, Orpiellay Xesta^ MacrochlamySy 
Microcystisy Sitala, Kaliellay Durgellay Austenia, Girasiay Parma- 
cochlcay AfricarioUy Sesara, Macroceras, and others), VitriniconuSy 
Parmacellay TAmax (subg. Amalia, and many sections), Vitrina, 
(subg. Vitrinozonites, Velifera), Zonites (subg. Stenopus, Moreletia, 
MeaomphiXy Hycdinia, Gastrodonta, Pristiloma, PoecilozoniteSy 
Thyrophorella). 

Fam. 4. Philomycidae, — Shell absent, jaw limacidan, radula 
helicidan, shield covering all the body. Single genus, Philomyms 
( = Tebennopkorus), with subg. Pallifera. 

Fam. 5. Helicidae, — Shell present or absent, internal or ex- 
ternal ; jaw of various types, radula with central tooth tricuspid, 
equal in size to the first laterals, laterals bi- or tri-cuspid, margi- 
nals smaller, cusped. Eocene , Principal genera: Oopelta 

(no shell). Avion (shell absent or formed of calcareous granules), 
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Ariolimax, Geomalacus, Anadenus (siibg. Propliysaon), Hempliillia^ 
Cryptostracon^ Binneya, Helix (see below), Cochlostyla, Bulivius, 
(subg. Borus, Orphnus, Dryptus, Strophochilus, Pachyotm, and pos- 
sibly CaryodeSy LcwotaeniHy Liparus, Limnliaccay Pactuiodus, Bnchis, 
AtopocochliSy CerastuSy Clavator belong here, or with Bulimimis)y 
Bemultiay Rhodea. Pilsbry proposes ^ to group Helix as follows : 

A. Eggs or young very large at birth : 

(1) Maerooiiy incl. AcavuSy Pyrochilus ( = Ph(mia)y Stylodonta, 
Helmphanta. 

B. Eggs or young smaller dr minute at birth : 

(2) Belogona, — Female genital system with dart sac and 
mucus gland. Helix [restricted] (with 
sections Ariontay Campylaeay Ch ilotremay 
Poinaticiy Maeulariay Tacheay IbcruSy Lcji- 
ktxiSy Eidotay Fruticicolay Xerophila ; 

Dorccvsitiy Acustcty PlcctotropiSy Aeyistay 
Cathaiciiy Satsuvuty Buhadra ; Lysinoe^y 
Gonostomay Leucockrody AlloymitlmSy 
Cochlostylity PohymitHy Hemitroehus (with 
sections Plagioplychay Vialeuccty Coryday 
Je(tneretMa)y GlyptostomHy Acanthinuhiy 
Vcdlonia. 

(3) Teleophalla, — Female system 
without accessories, male witli flagellum 
and appendix on penis; no epiphallus. 

Sagddy Cysticopsis. 

(4) Bpiphallophora, — Female system 
without accessories, male with epiphallus 
on penis ; no appendix. Carticolus (with 
sections LucernHy Dentellaruiy Isomer iuy LcdtyrinthuSy Bury crater a y 
Parthendy PolydontcSy ThelidovviiSy CepoliH)y Cainaena (incl. Phoe- 
nicoMus)y Ohldy Chloritis (incl. Hadra)y Papuinay Planispira (subg. 
Cristigihba). 

(5) Haplogona, — All accessory organs absent, jaw soldered 
into one piece. Polygyra (incl. Baedalochilay 'IriodopsiSy Mesodoriy 
Stenotrema)y Bndodonta (incl. LiherUy Charopay Gerontuiy Hierasiiiy 
and others), Pat'ula^ TroehomorpluLy Anoglypia, 

(6) Polypl(ieognatha.---^i\^ accessory organs absent, jaw com- 
posed of 16-24 separate jJates. Pti'nctuniy Laoma, 

’ Proc. Ac, Philad, 1892, p. 390. 



Fio. 295. — Kxiimple of tlio 
Mw'rnon j'roiip of Helix, 
Uelicophanta Stmefcrkvimt 
Fiscli., Madiignscar, hIiow- 
ing jiirgo cinbryoiiic tiliell ; 
xS. 
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Genera of doubtful position : Sto'obilops, Ampelita, Fedinotjyj'a, 
Polygyratia, Macrocyclis, Solaropsis, 

Fam. 6. Orthcdicidae, — Radula, p. 233. Shell external, large, 
bulimoid. Single genus, Orthalicus ; subg. Ligum, Porphyvo- 
haphe, Corona. 

Fam. 7. Bulimulidac. — Eadula, j). 233; jaw, p. 211; shell 
usually external. Genera : Bulimuhia (inch Plecocliilus, Gonio- 
stomus^ DrymaeMB^ Liostrac/us, OtostomuSy Navic/ula, ScAttaluSy 
PeronacMSy BurytuSy BndioptuSy PlecfmiylnSy Mesem- 
IrinuSy MormuSy etc. ; IViaumastnSy Nedotis), Placo- 
stylus (iiicl. Charis), AmphidroimiSy Pai'tula, Calycia 
(J)y Peltella (animal limaciform, shell internal), 
Pelliculay Ainphihulimus (incl. Siinpulojysis). 

Fam. 8. Cylimlrellidae. — Ihidula, p. 233 ; shell 
many whorled, long tiirriculate, last whorl often 
detaclied, apex often truncated (Fig. 169, p. 260). 
Fig. 296.— Oi2on- Eocene . Genera : Cylindrella (with scc- 

tostmins . >-^11 . mi • \ -r • -n/r 

tagruelinus tioiis Callomay Thamnasia^y LeWy MacrocerainuSy 

Monc., s. pir^ipria. 

Brazil, xj. 

Fam. 9. Pupidae. — Eadula, p. 233 ; shell 
external, spire usually long, aperture often narrow^ed, more or 

less toothed, often with internal lamellae. Carboniferous 

Genera: Anostoma (Fig. 154, p. 2^9>)y Hypselostoma (Fig. 202, A, 
p. 302) ; Anastomopsis (Cretaceous), Lychnvs (Cretaceous), Boysia, 
Odontostomus (incl. Tomigerus), Buliviinvs (incl. 

PctraeuSy BnpaenSy Zehrinay MastuSy Chondriday 
Eiuiy and perhaps Bachisy PacJiTiodus, Hapahis, 
and others). Pupa (incl. Torqxdllay Pupilla, 

S}diyradiu7n, Leucochihiy etc.), Zospeurriy VertigOy 
Megaspiray Strophia, Holospira, Eucalodiuin 
(incl. Coelocentrum^y CoeliaxiSy Perrieriay Balsa ; 

Billya (Eocene), Clausilia (with many sub- 




genera) Bhodina (?). 

Fam. 10. Stenogyridae. — Eadula, p. 234; 
shell long, spiral, shining, more or less trans- 
lucid, apex blunt, sometimes decollated. 
Eocene . Genera : Stenogyra (subg. BuminUy 

OheliscuSy OpeaSy Melaniellay SpiraxiSy Leptinariay 


Fig. 297. — K^Clausilia 
crdssicosta Ben., 
Sicily; B, Clau- 
sUia niacarana 

Zieg., Dalmatia ; 
B', clausiliuui of 
same. 


NothuSy Subulina, GlessuXa), Ferussacia (subg. Cionella, Azeca), 


CaecUianella (subg. Geostilbia), Aohatina (shell large, ventricose, 
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columella strongly tniiicate), witli the siib-geiiera Perhhris, 
Liinicolaria, Cohimna, Pscudachatina, Homorus, probably l)elougs 
to a distinct family. 

Fam. 11. AchatineUidac. — Radula, p. 234; shell small, biili- 
moid, indifferently dextral or siuistral. Genera : Achatinella 
(subg. Auricidella, Amastra, Carclia)^ Tornatdlina, 

Fam. 12. Succincidae. — Radula, p. 234; lower pair of ten- 
tacles wanting or small ; sliell internal or external, thin, spiral 

or not, last whorl large. Eocene . 

Genera: l^nccinea, Homahnyx, Hyaliinitj\ 

(?) JAthotis, (?) Catinellii, 

Fam. 13. Jandlidac. — Radula, p. 234 ; 
animal slug-like, no lower tentacles, shell 
an internal })late. Single genus, Jandla 
( = Athorc(jco 2 )liorus), with sulig. Aneitexu 
Fam. 1 4. Vugimdidae, — Radula, p. 

234 ; animal slug-like, covcml witli a 
coriaceous mantle, lower tentacles bifid, 
genital orifices widely separated, male 
behind the lower right tentacle, female 
on inferior median part of right side, 
anus and pulmonary orifice nearly terminal ; 
shell absent. Single genus, Vayinida 
( z= Vero'tiicella). 

Fam. 15. OncJiidiidae. — l>ody oval, mantle thick, often warty, 
sometimes set with “eyes” (p. 187), two tentacles, genital orifices 
widely separate, anus and pulmonary orifice as in Vay inula ; no 
shell. Genera : Peronia, Omhidium, Omhid/tdla, The family 
appears to be an instance of Pulmonata. reverting to marine 
habits of life. 



CHAPTER XVI 


CLASSES SCAPHOrODA AND PELECYPODA 

CLASS SCAPHOPODA 

Head rudimentary, mantle edges ventrally concrescent, forming 
a tube opening before and beliiiid, and 
covered witli a shell of the same shape ; sexes 
separate. 

The Seaphopoda form a small but very 
distinct class, whose organisation is decidedly 
of a low type. The body is usually slightly 
curved, the concave side being the dorsal ; 
muscles near the posterior end attach the 
body to the shell. The foot, which can be 
protruded from the anteiior or wider aper- 
ture, is rather long, pointed, and has some- 
times two lateral lobes {Dentalium), some- 
times a terminal retractile disc {Siplumoden- 
talium), sometimes a retractile disc with a 
central tentacle {Pulselhiiri), The cephalic 
region, as in Pelecypoda, is covered by the 
mantle. The mouth is situated on a kind of 
projection of the pharynx ; the buccal mass, 
containing the ratiula (p. 236), is at the 
aperture of mantle ; /, ij-^ge of the foot, and the intestine branches 
forward from the front part of the stomach. 
The liver (Fig. 299) is paired, and consists 
of a number of symmetrical, radiating coeca. 
There are no eyes, but on each side of the mouth are small 
bunches of exsertile filaments icaptaovla)^ which appear to act as 
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tactile organs for the seizing of food. There is no special respir- 
ing apparatus, heart or arterial system, breathing being conducted 
by the walls of the mantle. The nervous system has already 
been described (p. 205). 

Two kidneys open on either side of the anus. The genital 
gland is large, occupying nearly all the posterior part of the body, 
the sexual products being emitted through tlie right kidney. 
The veliger has already been figured (p. 131, Fig. 44). The 
embryonic shell is formed of two calcareous laminae, which sub- 
sequently unite to form the tube. 

With regard to their general relationships, the Scaphopoda 
resemble the Gasteropoda in their univalve shell, and in the 
possession of a radula; while the pointed foot, the non-lobed 
velum in the veliger, the generative system, the bilateivil symmetry 
of the organs generally, and the absence of any definite head, 
eyes, or tentacles, are points which approximate them to the 
Pelecypoda. 

The Scaphopoda are known from Devonian strata to the 
present time. They are found at a depth of a few fathoms to 
very deep water. The only three genera are Dentalium^ Siphono- 
dentalium (subg. Cadulus), and Pulsellum, which differ in the 
structure of the foot, as described above. 

CLASS PELECYPODA 

Cephalic region rudimentary, mantle consisting of two sym- 
metrical right and left lobes, covering the body and secreting a 
bivalve shell hinged at the dorsal margin; no radula, sexes usually 
separate. Reference has already been made to the reproductive 
system (p. 145), breathing organs (p. 104 £), mantle (p. 172), 
nervous system (p. 205), digestive system (p. 237 f.), and nomen- 
clature of the various parts of the shell (p. 269 f.). 

The shape of the shell, in many Pelecypoda, involving as it 
does the position, size, and number of the adductor muscles, is 
probably due to mechanical causes, depending on tlie habits and 
manner of life of the individual genus. Thus in a typical 
dimyarian or two-muscled bivalve, e.g. Mya (Fig. 300, A), the 
adductor muscles lie well towards each end of the long axis of the 
shell, with the hinge about midway between them. In this 
position they are best placed for elfectufilly closing the valves. 
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and since they are nearly equidistant from the axis of motion, i.e, 
from the hinge, they do an equal amount of work, and are about 
equal in size. But in a form like Modiola, where the growth of 
the shell is irregular in relation to the hinge-line, the anterior 
muscle is brought nearer and nearer to the umbones, where its 
power to do work, and therefore its size, becomes less and less. 
But the work to be done remains the same, and the posterior 
muscle has to do it nearly all ; hence it moves farther and farther 
away from the hinge-line, and at the same time gains in size. 
In shells like Ostrea, Pecten, and Vulsella^ the anterior mus(3le, 
having drawn into line with the hinge and the posterior muscle, 
l^ecornes atrophied, while the posterior muscle, having double work 
to do, has doubled its size.^ 

The development of the foot, again, largely depends upon habits 



A B 


Fig. SdO. — Illustrating changes in the position and size of the fuiductor muscles accord- 
ing to the shape of the shell: A, Mya; B, MmHola; C, ValseUa, The upper 
dotted line shows the hinge-line, the lower connects the two muscles. 

of life. It is well developed in burrowing forms, while in sessile 
genera {Ostrea, Chama, Spovdyhis) it becomes unnecessary and 
aborta Even in Pecten, which does not become sessile, but has 
ceased to use the foot as an organ of progression, a similar result 
follows. Forms which burrow deeply often “ gape ” widely, some- 
times at one end only, sometimes at both. Venus, DonaXy TellinUy 
Mujetra, wliich are shallow burrowers, do not gape ; Solen, LutrarUiy 
and to a less degree Mya, burrow deeply and gape widely. In 
order to burrow deeply the foot must be highly develojied, and 
the larger it becomes, the more will it tend to keep the valves 
apart at the place where it is habitually protruded. Burrowing 
si)ccies always remain in communication with the surface by means 
of their siphons, the constant extension of which tends to keep 
the valves apart at the end opposite to the foot. Burrowing 

^ Compare Jackson, Avver, Nat, xxv. p. 11-f. 
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species, again, tend to burrow in such a way as to descend most 
easily, and not be impeded by their own shells ; in other words, 
they act as a wedge, and descend with their narrowest part fore- 
most. But the burrowing organ, the foot, has to follow suit, and 
gradually draws round to the nari*owest part of the shell, so that 
the habitual deep burrower, such as Lntraria^ lies witli its long 
axis exactly at right angles to the surface, its siphons protruding 
from, and keeping open, the uppennost or posterior margin of the 
shell, and the foot producing the same effect upon tiie lower 
or anterior inaigin. The deeper the burrower, the more elongated 
docs the shell become, until, through forms like Pholas and 
Saximva, we arrive at Solen, the most liighly specialised burrower 
of all, in which the breadth of the shell is ecpial throughout, 
and no obstructive curve exists to impede its rapid ascent or 
descent. 

The Pelecypoda have been classified in various wtiys ; by the 
completeness or sinuation of the pallial line, depending on the 
absence or presence of siphons, by the number of adductor 
muscles, by the character of the hinge-teeth, and by the number of 
the branchiae. For various reasons, none of these methods have 
proved entirely satisfactory. That adopted here was suggested by 
Pclseneer, and depends upon the character of the brancliiae them- 
selves, as suggesting successive stages of development (p. 166 f.). 

Order I. Protobranchiata 

Branchial filaments not reflected, the two rows inclined at a 
right angle (more or less), ventral surface of foot more or less 
flattened, byssogenous apparatus little developed; a single anterior 
aorta, kidneys distinct, sexes separate, each genital gland open- 
ing into the corresponding kidney. 

Fam. 1. Nuevlidae, — Labial palps vciy large, rows of branchial 
filaments at right angles to one another, mantle edges open, 
siphons contracted, foot disc-shaped, elongated ; shell equivalve, 
oval, or produced, interior generally nacreous, hinge with numerous 

saw-like teeth. Silurian . Principal genera : Nucula (heart 

dorsal to the rectum) ; PcdaeoneAlo (Devonian), (?) Sarepta, Leda, 
Yoldia, Malletia; Tyndaria (\]\)^^x Tertiary), (Silurian), 
Actinodonta (Silurian), Bahinka (Silurian). 

Fam. 2. Solenomyidae. — Labial palps united, one row of 
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branchial filaments pointing dorsallj, the other ventrally; mantle 
edg^ in great part united poi^ro-ventrally, a single siphonal 
ormce with two very long tentacles, foot proboscidiform, with a 
round denticulate disc at the end ; shell equivalve, resembling a 
Solen, with a strong corneous periostracum ; no hinge-teeth, liga- 
ment internal. Single genus, Sohnomya. (?) Cretaceous-: . , 


Order XL Filibranohiata 


Bows of branchial filaments parallel, pointing ventrally, re- 
flected, and provided with interfilamentary ciliated junctions, foot 
usually with a well-developed byssogenous apparatus. 

Bnb-order I. Anomiacea. — Heart dorsal to the rectum, a single 
aorta, foot small, anterior adductor very small ; shell ostreiform, 
no hinge-teeth, fixed by a calcified byssus traversing the right 
valve (Fig. 173, p. 262). 

ATWimidae. Jurassic . Gemca.: Arm^ia, Plaeuna- 

nomia; Carolia (Efxenei), Placuna ; Sypotrerm{3w:asao),Plaev,n- 
ojpsia (Oolite). 


Sub-order n. Arcacea — Mantle edge open, both adductors 
well developed, heart with two aortae, branchiae free, without 
interlamellar junctions, no siphons; renal and generative aper- 
tures distinct. 

Fam. 1. Arcadae. — ^Mantle edge with composite eyes; shell 
round or trapezoidal, solid, often with stout bushy periostracum ; 
ligament often external, on a special area ; hinge with numer- 
ous lamelliform teeth. Ordovician 

Principal genera : Area (inch Barhatia, 
Scaphvla, and CuevUaea), heart dorsal to 
rectum; Pectuncvlus, Glomus, Zimopsis; 
Triruicria and I/ucvJina (Tertiary)» 

Fam. 2. Trigoniidae. — ^Foot large, 
hatchet -shaped, with ventral disc; no 
byssus, mantle edge with ocelli ; shell 
sub-trigonal, hinge-teeth few, strong; in- 
terior violet - nacreoua Devonian 

Genera : Trigonia ; Myophoria and Sehist- 
odus (Trias), Cyrtonotus (Devonian). 

Sub-order ZU Biytilacea. — Mantle edges fused at one point, 
anal orifice distinct, anterior terminal adductor small, one aorta. 



Fia. 801 . — ^Trigonia peeti* 
nata £iuxu, ^Sydney, 
N.S.W. 
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branchiae with interfoliary junctions, genital glands penetrating 
the side of the mantle and opening by the side of the kidneys; 

-Fam. Mytilidae. — Byssus well developed, shell more or less 

equivalve, oval, broad ; hinge-teeth evanescent. Devonian . 

Principal genera: Mytilus,^ Myalina, Septifer^ Modiola^ LithodomuSy 
Crenella, Ddcrydium, Myrina, Idas, Modiolaria, Modiolarca, 

Order III. Pseudolamellibranchiata 

Mantle edges entirely open, foot little developed, anterior 
adductor usually aborted, branchial filaments reflected, with inter- 
lamellar junctions, which are sometimes vascular ; genital glands 
opening into the kidneys or close to the apertures of the kidneys. 

Fam. 1. Aviculidae. — Foot long, tongue-shaped, byssogenous 
apparatus well developed, branchiae concrescent with tlie mantle, 
adductor muscle sub-central, at times a small anterior adductor, 
siphons absent ; shell usually 
inequi valve, dorsal margin 
straight, often very long, 
winged, lateral teeth much 
prolonged ; structure of shell 
cellular, inside prismatic, out- 
side nacreous. Palaeozoic 

Princinal irenera • 302 . — Avieula heteropUra Lara., Australia, 

. . . 1 ’ showing the inequlvalve shell and bysnal 

AvicMia, including Melea’ sinus 

griiui. Malleus; Vulsella (no 

wings or hinge-teeth) ; Perna, including Crcnafula, Imceramus 
(ligaments in a number of fossettes) ; Amelia and Monotis 
(l^rlaeozoic and Secondary) ; Pteriuaea and .Amh’onychia (Palaeo- 
zoic) ; Pinna ; Avwvlopinna (Carboniferous). 

Fam. 2. Prasinidae, — Shell very small, umbones anterior, in- 
curved, anterior side depressed, hinge-teeth replaced by dentiform 
projections of the lunule fitting into corresponding grooves. 
Eecent. Single genus, Prasimi. 

Fam. 3. Ostreidae. — Heart generally ventral to the rectum, 
branchiae concrescent with the mantle, no byssus ; shell inequi- 

valve, fixed by the left valve, form irregular. Jurassic^ . 

Genera : Ostrea ; Heligmus (Oolite), Naiadina (Cretaceous), Pern- 
ostrea (Jurassic). 

Fam. 4. Pectinidae, — Byssus usually absent, mantle edge open, 

VOL. Ill . 2 G 
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duplicated, folded back, with pallial ocelli ; branchiae not con- 

crescent with the mantle ; shell 
with unequal “ ears ” at the umbo, 
hinge -teeth lamelliform, often ob- 
scure. Silurian . Principal 

genera : Fedum, Chlamya, Hinnites, 
Hemipecten, Amimium,Feeten; Am- 
eidopecten (Palaeozoic), Crenipecten. 

Fam. 5. Limidae. — Mantle edge 
as in Feeten, tentaculate ; shell 
sub-equivalve, eared, fixed by a 

byssus or free. Carboniferous . 

Genera: Lima (Fig. 85, p. 179). 
Limeu. 

Fam. 6. Spondylidae. — Foot with 
a peduncular appendage, no 
byssus, numerous pallial ocelli ; shell fixed by right valve, 
surface often very spinose, two cardinal teeth in each valve. 
Jurassic . Genera : Flicatida, Spondylus ; Terquemia (lAae). 



Fig. 303 . — Pecien pallium L., East 
Indies. 



Fig. 304. — Spondylm 
petroselinum Sowb., 
Mauritius ; on a coral. 


Fam. 7. Dimyidae. — Shell ostreiform, fixed, hinge with or 
without symmetrical teeth, two muscidar impressions. Single 
genus, Dimya (Tertiary). 
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Order IV. Eulamellibranchiata 

Mantle edges united at one or more points, branchiae with 
interfilamentaiy junctions which are always vascular, genital 
glands not opening into the kidneys, usually two adductor 
muscles. 

Sub-order I. Submsrtilacea. — Mantle edges more or less open, 
anal orihce distinct, usually no siphons, pallial line usually simple, 
cardinal and lateral teeth well marked. 

Fam. 1. Carditidae . — Foot With a byssus or groove, branchiae 
large, unequal ; shell equivalve, solid, radiately grooved, one or 

two oblique cardinal teeth, one or two laterals. Silurian . 

Principal genera: Venericardia^ Cardita, Carditellay Carditopsis, 
Milneria.; Pleurophorus (Palaeozoic), Anodontopsis (Silurian). 

Fam. 2. Astartidae. — A short anal siphon, labial palps large ; 
shell triangular, thick, ligament external, hinge with two or 

three cardinals in each valve, laterals obscure. ? Devonian . 

Principal genera : Astarte ; Pachytypus (J urassic), Pleaiastarte 
(Eocene), Parastarte, TFoodia, Opia (Secondary strata), Proaocoelua 
(Devonian). 

Fam. 3. Craaaatellidae , — Mantle with anal orifice or open ; 
shell equivalve, thick, subtriangular, ligament in an internal fos- 
se ttc, hinge with two cardinals, laterals produced. Cretaceous . 

Principal Craaaaiella, 

Fam. 4. Cardiniidae , — Shell equivalve, oval or triangular, 
ligament external, cardinal teeth small, laterals fairly strong. 

Devonian Oolite. Princiiml genera: Cardinia, Anthrcu^oaia, 

Carhonicola, Anoplophom. 

Fam. 5. Cyprinidae , — Anal and branchial orifices complete, 
papillose, foot thick ; shell variable, equivalve, 
thick, umbones often spiral, hinge teeth very 

variable, ligament external. Jurassic . 

ftincipal genera: Cyprina; Pygocardia{Cxaig\ 

Veniella (Cretaceous), Venilicardia (Second- 
ary strata), Anisocardia (Jurassic), Isocardia, 

Lihitirui, Corcdliophaga ; Baaterotia (Eocene). 

The families Pachydomidae (Palaeozoic) and 
mgalodontidw (Palaeozoic — Secondary) are 
probably related to the Cyprinidae. 

Fam. 6. Aetheriidae . — Anal orifice complete, foot absent, labial 
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palps large; shell irregular, free or fixed, no' hinge teeth. 
Fluviatile, recent only. Genera : Aetheria, MMeria, BartUttm. 

Fam. 7. Unionidae. — Foot large and thick, no byssus, anal 
siphon short, branchial orifice complete or not, siphon present or 
absent, embryo of certain groups passing through a glochidium 
stage (p. 146); shell equivalve, sometimes very thick, nacreous 

within, hinge variable. Fluviatile. Jurassic . Principal 

genera : Unio (subg. Areonaia), Monoeondylaea, Pseudodon, Ano- 
donda, SoleTiaia, Mycetopus, Midela, i^atha, Syria, Castcdia, Leila. 

Fak. 8. Breissermidae. — ^Both siphons prominent, foot tongue- 
shaped, byssiferous ; shell mytiliform, with small internal septum. 
Genera: Dreiesensia ; Lreissensiomya (Tertiary). The common 
Dreissensia polymorpha Pall, was distributed over large parts of 
Europe in later Tertiary times. From unknown causes it died 
out, and has during the past two hundred years been regaining its 
position, migrating N. and W. from its original habitat, the 
Caspian, by the Volga and its Oka confluent. 

Fam. 9. Modiolopsidae. — Shell mytiliform, ligament exterior, 

hinge teeth small, rather numerous. Palaeozoic . Principal 

genera : Mbdiolopsis, Cyrtodonta, Mytilops, Ptychodesma. 

Fam. 10. Lminidae. — Anal orifice sometimes with a siphon, 
branchial orifice, complete or not, sometimes a single branchia ; 
foot very long, vermiform, no byssus, anterior adductor long; 
shell rounded, equivalve, blanched, hinge with two cardinals and 
two laterals in each valve, sometimes toothless, ligament more or 

less internaL Silurian . Principal genera : Lueina, Gorins, 

Aayimis, Biplodonta, Montaeuta. 

Fam. 11. Ungvlinidae. — Anal orifice complete, foot vermiform, 
no byssus, two branchiae ; shell equivalve, subcircular, hinge 
teeth variable, no laterals, adductor impressions long, continuing 
the pallial line. Tertiary . Single genus, Ungvlina. 

Fam. 12. Unieardiidae. — Shell equivalve, round or oval, 
cardinal shelf large, a single cardinal in each valve, ligament 
external Carboniferous — Cretaceous. Genera : Unicardiwm, 
Scaldya, Pseudedmondia. 

Fam. 13. Kdlydlidae. — Anal siphon prolonged, no marked 
branchial orifice ; shell very small, oval or round, anterior lateral 

very strong, under the cardinal Eocene Genera : Kelly- 

dla ; ALlopagus and Lvletia (Tertiary), Turtonia. 

Fam. 14. Eryeinidae. — Mantle edges with three apertures, 
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branchial orifice on the buccal margin, foot long, broadened, with 

a byssus, animal usually viviparous. Tertiary r. Genera: 

Erycinay KelliHy Pythinay LiUdca-y Lepton, 

Fam. 15. Gedeommidae . — Mantle edges more or less reflected 
over the shell, apertures and foot as in Erycinidae ; shell tliin, 

equilateral, hinge witli few teeth or none. Tertiary . 

Genera : Galeommay Scintilla, Sportella, Chlamydoconcha, Hinds-- 
iella, Epliippodonta (Fig. 32, p. 81). 

Fam. 1 6. Cyrenidae , — Siphons short, foot large, no byssus ; 
shell equivalve, subtriangular, witli periostracum, hinge with two 
or three cardinals, laterals present; animal hermaphrodite, 

viviparous. Fresh or brackish water. Jurassic . Genera : 

Cyrena, Corbicula (subg. Batissa, Velorita), Sphaermm ( = Cyclas), 
Pisidium, Galatea, Fischeria, 

The families Cyrenellidae (single genus Cyrenella) and 
liangiidac (single genus Bangia) are probably to be placed here. 

Sub-order II. Tellinacea. — Siphons long, separate, foot and 
laliial palps very large, pallial sinus deep, two adductor muscles. 

Fam. 1. Tellinidae , — External branchial fold directed dorsally, 
foot with byssogenous slit, but no byssus, branchiae small ; shell 
compressed, equivalve, ligament external, at least two cardinals 

in each valve, laterals variable. Cretaceous . Principal 

genera : Tellina (with many sections), Gastrana. 

Fam. 2. Scrohiculariidae , — Animal as in Tellina; shell orbicu- 

late or long oval, equivalve, 

hinge teeth weak, liga- 
ment in an internal cavity. 

Tertiary- . Prin- 

cipal genera : Scrohicii- 
laria, Syndosmya, Theora, 

Cumin gia, Semele, 

Fam. 3. Donacidae . — 

External branchial fold k,,,. 306 ._m.«« Hanl., E«t Indie., 

directed ventrally ; shell 

equivalve, subtriangular, solid, smooth, two or three cardinals in 

each valve, laterals variable, ligament external. Jurassic . 

Genera ; Dorutx, Iphigenia, Itodovia. 

Fam. 4. Tancrediidae . — ^Shell donaciform, ligament external, 
cardinals usually two in each valve, posterior laterals strong. 
Trias Genera : Taveredia (Secondary strata), HemMonaas. 



454 


EULAMELLIBRANCHIATA — VENERACEA 


CHAP. 


Fam. 6. Cardiliidae. — Shell heart-shaped, hinge as in Maetridae, 
posterior adductor resting on a myophore or shelf. Single genus 
Cardilia. Tertiary . 

Fam. 6. Mesodesmatidae. — Mantle edges largely united, with 
three orifices, foot byssiferous or not ; shell regular or irregular, 

usually one cardinal and strong lateral teeth. Tertiary . 

Genera : Mesodesma, Ervilia. 

Fam. 7. Mcvctridae. — External branchial fold directed veii- 
trally, siphons fused, foot tongue - shaped ; shell equivalve, 
triangular-oval, hinge with ligament in an internal fossette, 
another portion external, a bifurcated cardinal tooth in tlie left 
valve, fitting into a branching tooth in the right valve, laterals 

present. Jurassic . Genera: Mactra, HaTvella, Raeta, 

Eastonia, Heterocardia, Vanganella. 

Sub-order III. Veneracea. — ^Branchiae slightly folded, foot 
compressed, siphons generally short, pallial line variable, two 
adductor muscles. 

Fam. 1. Veneridae. — Siphons free or partly united, foot 
seldom byssiferous ; shell solid, ecpiivalve, hinge usually with three 

cardinal teeth, laterals variable. 

J urassic . Principal genera : 

Cytherea, Circe ; Gratelotipia (Ter- 
tiary), Meroe^ Dosinia ( = Artemis), 
Cypriineria, Cyclina, Venus, dem- 
entia^ Lucinopsis ; Thetis (Creta- 
ceous), Tapes, Venerupis, 

Fam. 2. Petricolidae, — Animal 
rio.307.-C'i^«.dio».Um..Per... perforating rocks; shell oval, 

slightly gaping behind, two or three cardinals, no. laterals, 

pallial sinus well marked. Eecent . Genera : Petricola, 

Naranio. 

Eam. 3. Glaucomyidae . — Siphons long, united, foot small; 
shell produced, thin, hinge with three cardinals, no laterals, 
pallial sinus well marked. Eecent. Genus, Glawomya (inch 
Tanyslphon). 

Sui^rder IV. Oardiacea. — Branchiae much folded back, 
mantle edges with three apertures, foot cylindroidal, more or less 
produced, siphons present or absent, one or two adductor muscles, 
pallial line variable. 

Fam. 1. Cardiidae . — Siphons rather long, foot long, no 
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byssus ; shell equivalve, more or less radiately ribbed, hinge with 
one or two cardinals in each valve, laterals variable, ligament ex- 
ternal, two adductors. Brackish water or marine. Devonian . 

Genera : Byssocardium and Lithocardiuin (Tertiary), Cono~ 
cardium (Palaeozoic), Cardiiini (with 
many sections, including Hemicar- 
dimn), Limnocardimn (subg. Didctcna, 

Mo^iodacna, Adacna). 

Fam. 2. Lunulicardiidae. — Shell 
equivalve, very inequilateral subtri- 
angular, anterior margin short or trun- 
cated, with a deep lunule. Single genus, 

Lunulicardium (Palaeozoic). 

Fam. 3. Tridacnidae. — Mantle ori- 
fices widely separated, foot short, bys- 
siferous, no anterior adductor ; shell 
ecpiivalve, large, thick, usually gaping 
in front, one cardinal tooth and one or 
each valve, no pallial sinus. Miocene— 

Hippo2ms. 



Fio. 


308. — Cardium (Tfemicar~ 
dium) cardiaaa L., East Indies. 


two posterior laterals in 

. Genera: Tridncwi, 

The muscular power of the great Tridacna is immense. 
Once caught between their gaping valves, a man's hand or foot 
can scarcely be withdrawn. Two valves of 2\ gigtts in the British 
Museum weigh respectively 154 and 156 lbs. 

Fam. 4. Chamidae, — Mantle orifices widely separated, foot 
short, no byssus, both adductors present, ovary invading tlie 

mantle lobes; shell fixed, irregu- 
larly inequivalvc/ umbones spiral, 
ligament external, cardinal teeth 
often a mere lidge, anterior lateral 
strong, nearly central, no pallial 

sinus. Jurassic . Genera : 

Chama; Diceras (Jurassic), attached 
by one umbo, umbones very promi- 
nent, teeth strong; Heterodiceraa 
(Jurassic), Bequienia (Cretaceous), 
Neocomiaii, ~x i ; B, Hippuriua left valve widely spiral, attached 

<1. right valve; /.point of fix- by the umbo, right valve small, 
ture. (From Zittei.) fitting on the other as an oper- 

culum, teeth obsolete ; Totu:asia, Apricardia, Matheronia (all 
Secondary strata). 



Fio. 309 . — KfRequienia ammonea Gold/., 
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The four succeeding families require special study in a work 
on Palaeontology. 

Fam. 5. Mono^lcuridae, — Shell very inequivalve, left valve 
operculiform, right conical or spiral, fixed at the apex, ligament 

prolonged in external grooves. Cretaceous . Genera : 

Monopleura, Valletia. 

Fam. G. Caprinidae, — Shell very inequivalve, thick, free or 
iixed by apex of right valve, which is spiral or conical, left valve 
spiral or not, often perforated by radial canals from the umbo to 

the free margin. Neocomian and Cretaceous . Principal 

genera : Plagioptychus, Caprina, Ichthyosarcolites, Caprotina, 
Folyconites, 

Fam. 7. Hippuritidcw ( = Eudistae), — Shell very inequivalve, 
externally as in Caprinidae, umbo central in left valve, no liga- 
ment proper, left valve with strong hinge teeth and grooves, two 
adductor impressions on prominent myophores, shell structure 
of the two valves differing. Cretaceous only. Single genus, 
Hipptirites (Fig. 309, B). 

Fam. 8. Radiolitidae. — Shell inversely conical, biconical, or 
cylindrical, general aspect of Ilippurites, umbo of left valve 
central or lateral, right valve with a thick outer layer, often 
foliaceous, umbonal cavity partitioned off by laminae. Cretacjeous 
only. Genera : Eadiolites, Eiradiolites. 

Sub-order V. Myacea. — Branchiae much folded back, mantle 
edges usually with three openings, foot compressed, siphons large, 
united or not, two adductor muscles, pallial line variable. 

Fam. 1. Psaimnohiidae. — Siphons long, not united, foot large, 
not byssiferous ; shell equivalve, long, oval, slightly gaping at 
the ends, ligament external, prominent, two cardinal teeth in 

each valve, no laterals, a deep pallial sinus. Jurassic . 

Genera : Psammohia, Solenotellina, Sanguinolaria, Asaphis, Elizia, 
Qiienstedtia ( J urassic). 

Fam. 2. Myidae. — Pedal orifice small, siphons long, united in 
great part ; shell inequivalve, gaping at one or both ends, perio- 
stracum more or less extensive, ligament internal, resting on 

a prominent shelf ; hinge teeth variable. Cretaceous . 

Genera: Mya, Tugonia, Sphenia, Corbula, Lutraria (for which 
latter some propose a separate family). 

Fam. 3. Solenidac, — Foot long, powerful, more or less cylindri- 
cal, no byssus, siphons usually short, united or not, branchiae 
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narrow ; shell equivulve, long and narrow, gaping at both ends, 
with periostraciiin, ninhonea flattened, liganlent external, hinge 

teeth variable. ? ])evonian . (Itniera Solecurtus, Pharclla, 

Pharus, Cultellus, Siliqua, IJ)isis, Sole 7 h, 

Ortho7wta (?), Palaeosolen (?). 

Fam. 4. Glyimncridae . — Pedal orifice 
very narrow, siphons long, niiited in great 
part, often covered with i^eriostracum ; 
shell more or less eqiiivalve, gaping at 
both ends, hinge tootliless or with two 
weak cardinals, ligament external ; animal 

fre(i or perforating. Cretaceous . 

(Jenera : (Hyvimeris, Saxicava, CyrlodaruK 
Fam. r». Offslnx/iftmithte . — Foot small, 
cylindrical, no byssus, l)ranchiae narrow, 
si])hons long ; shell perforating or 
cemented to a slielly tul)e, gaping widely 
on the anterior and ventral sides, no 
hinge teeth, a dee]) pallia! sinus. Cre- 
taceous . (Jeneral : OfiatroclKmia, 

Fintidana (tube with a median diaphragm, 

])erforated by the siphons). 

Sub-order VI. Pholadacea. — Mantle 
edges Lirgely closed, siphons long, united, 
fl)ot short, truncated, disc-sha 2 )ed, liga- 
ment absent, two adductor muscles ; 
animal i)erforating. 

Fam. 1. Pholadidar, — Organs con- 
tained within the valves, ctenitlia 
prolonged into the branchial sijihon, 
shell more or less gaping, thin, dorsal 
margin in part reflected ovei* the um- 
bones, one or more dorsal accessory lucces, yig. sio.— Teredo uavalia L.: 
no hinge teeth, an interior apophysis V, valves of shell; T, tube ; 

proceeding from tlK*. umbonal cavity. (After Miibius.) 
flurassic . Genera: Phohis, Ttdorm, 

Pholadidca (jiosterior extremity of the valves jirolongcfl l)y a 
corneous ajipendage, a passage to the long tube of Teredo)^ 
J(nianmtia, Xylophaga, Afartesia ; Teredina (Eocene). 

Fam. 2. Teredinidae — Animal vermiform, ctenidia mainly 
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within the branchial siphon, siphons very long, with two cal- 
careous appendages (“ pallets ”) near the anterior end, shell very 
small, continued into a long calcareous tube, valves deeply notched, 

internal apophysis as in Pholadidae. Lias . Single 

genus. Teredo (Fig. 310). 

Sub-order VII. Anatinacea. — ^External l>ranchial fold directed 
dorsally, not reflected, sexes united, ovaries and testes with sepa- 
rate orifices, mantle edges largely united, byssus usually absent, 
two adductor muscles, pallial line variable, sliell usually nacreous 
within. 

Fam. 1. Pandoridae . — Siphons short, largely united, foot 
tongue-shaped; shell free or fixed, inequi valve, semilunar, or 
subtriangular, ligament often with calcareous ossicle, pallial line 

complete or with slight sinus. 
Cretaceous . Genera : Pan- 

dora^ My odor Myochama, 

Fam. 2. Chamostreida>e , — Shell 
fixed, C%rir?wrt-like, thick, umbones 
spiral, ligament with ossicle. 
Single genus, Chamostrea, 

Fam. 3. VcrtivordAidne^ — 
Siphons not prolonged ; shell 
heart-shaped, umbones prominent, 
spiral, ligament with an ossicle, 
Myochxmm Stutchhiiryi A. pallial line complete. Miocene 

Ad., attached to Circe undatiiui Genera : Vcrtworditiy 

Lam., Moreton Bay. t 

Myhhmeria, LyoTieiella, 

Fam. 4. Lyonsiidae , — Foot short, byssiferous, siphons short, 
separate, shell inequivalve, hinge teeth usually absent, ligament 

and ossicle in an internal groove. Eocene . Single genus, 

Lyoiisiii, 

Fam. 5. Ceromyidae , — Shell inequivalve, large, heart or wedge- 
shaped, hinge toothless, ligament internal in one valve, external 
ill the other. Secondary strata . Genera : Ceromya, Gresslya. 

Fam. 6. Arcomyidar, — Shell equivalve, thin, surface finely 
granulated, hinge toothless, cardinal edge dentiform, ligament 

external. Secondary and Tertiary strata . Genera: Arcornya, 

Goniomya^ Pleuromya, Mcuchomya, 

Fam. 7. Anatinidae. — A fourth (? byssal) pallial orifice, siphons 
long, separate or fused ; shell thin, sometimes inequivalve, exterior 
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often granulose, ligament often with ossicle, hinge toothless or 

with lamellae. J urassic . Genera : Anatina, Flectomya 

(Secondary), Periploma, CocModesma, Throuaia, Tyleria, Alicia, 
Astheinothaerus. 

Fam. 8. Grammysiidae. — Shell equivalve, oval, ligament 
external, cardinal margin straight, toothless, pallial line complete. 

Palaeozoic . Principal genus, Grammysia, with many other 

genera of toothless hinge, but whose exact ailinities are uncertain. 

Fam. 9. Praecardiidae — Shell thin, equivalve or not, radiately 
ribbed, margins dentated, subumbonal area as in Area, hinge 
toothless. Palaeozoic . Principal genus, Praecardivm. 

Fam. 10. Pholadomyidae. — A fourth pallial orifice, siphons 
very long, united, foot small ; shell thin, equivalve, with mdiating 
ribs, ligament external, hinge toothless, pallial line sinuate. 
Jurassic . Single genus, Pholadomya. 

Fam. 11. Clavagellida^. — J’oot rudimentary, siphons long, 
united, contained in a long calcareous tube ; shell small, one or 
both valves soldered in the tube, tube with a centrally fissured 
disc at the anterior end, more or loss frilled at the posterior 
end. Cretaceous •. Genera : Clavagella, Brechites ( = Asper- 

gillum). 


Order V. Septibranchiata 

Mantle edges united at three points, branchiae replaced by a 
muscular septum extending from the anterior adductor to the 
point of separation of the siphons, septum with symmetrical 
orifices. 

F am. 1. Poromyidae. — Branchial septum With groups of 
lamellae between the orifices, labial palps large, foot long and 
narrow, siphons short, papillose, separated, animal hermaphrodite ; 
shell small, slightly inequivalve, rounded or oblong, nacreous 
within. Eocene . Genera : Poromya, Silenia. 

Fam. 2. Guspidariidae. — Siphons long, united in part, foot short, 
animal dioecious ; shell small, slightly inequivalve, rostrate, not 
nacreous, each valve with ligamentary cartilage spoon-shaped, with 
a calcareous ossicle, cardinal and lateral teeth present or absent. 
Jurassic . Single genus, Cuspidaria, with many sectiona 
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RECENT BRACHIOPODA 
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Introduction 

The group Bracliiopoda owes its chief interest to the iiiiinenso 
variety and great antiquity of its fossil forms. Whereas at tlu? 
present time the number of extant species amounts to but about 
120, Davidson in his admirable monograph^ on the British 
Fossil Brachiopf)da has enumerated close upon 1000 fossil species, 
found within the limits of the United Kingdom alone. 

The amount of interest that the group in question lias 
excited amongst naturalists is evinced by the invaluable Biblio- 
graj)hy of Brachiopoda, prepared by the same author and his 
friend W. H. Dalton.^ This monument of patient research con- 
tains over 160 qufirto pages, each with the titles of from 
eighteen to twenty separate papers dealing with Braehiopods, 
published between the years 1606 and 1885. 

Probably the first reference to Brachiopoda in zoological 
literature is to be found in a work entitled Aquatilium ei 
Terrestrvmn aliquot Animalmm, i)ublishcd in the year 1606 by 
Prince Fabio Colonna at Rome. This work contains the first 
description of a Brachiopod under the name of Concha diphya. 
In a second edition, which is not so rare in our libraries as the 

^ “ A Monograph of tliH British Fossil Brachiopoda,” ralaeontorjraiihical Society^ 
London, vols. i.-v. 1851-84. 

2 Ibid, vol. vi. 1886. 
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first, the author mentions three more species of Brachiopods. 
Towards the end of the same century, Martin Lister of Oxford, 
in his Historia sive Synopsis methodica Con/chyliorum, which 
appeared in parts, described and figured a considerable number 
of Brachiopods, which, under the name of Anomia, were until 
the present century regarded as Molluscs, and placed in the sub- 
division Pelecypoda (Larnellibranchiata). 

The first satisfactoiw figure and description of a Terelratula 
were published in the year 1766, in Pallas' Miscellanea Zoologica, 
still under the name Anomia, In 1781 0. F. Muller figured a 
Crania under the name Patella anomala, the generic name being 
subsequently altered by Cuvier into Orhicula. 

Bruguifere in the year 1789 was the first to recognise the 
relationship between Lingula and the other Brachiopods. He 
for the first time saw the stalk of this genus, and compared it 
with that of the stalked Barnacles, a class of animals which has 
been more than once associated with our group. 

Cuvier, in his Mimoire sur V Anatomic de la Lingule, 1797, 
gave the first account of the internal anatomy of a Brachiopod, 
The same naturalist first described the nephi’idia, although his 
mistake in considering them lateral hearts was not rectified until 
the middle of the present century, when Huxley pointed out that 
these structures serve as excretory ducts for the genital products. 

Duni(5ril in 1807 proposed the somewhat unfortunate name 
of Brachiopoda; and although efforts have been made by 
de Blainville, who suggested Palliobranchiata, and more recently 
by Haeckel, who proposed Sijirobranchiuta, to arrive at a name 
which would be both grammatically and physiologically more 
correct, tlie older name has maintained its position, and is now 
universally in use. 

In 1834 and 1836 Professor Owen published the results of 
his researches into the anatomy of the Brachiopoda. He investi- 
gated in these years the structure of Waldheimia flavescens^ of a 
species of Lingula and of a Piscina, called by him Orhicula. He 
regarded the group as midway between the Pelecypoda and the 
Ascidians. The structure of Lingula w^as further investigated 
by Carl Vogt, who in 1861 also supported the view that the 
Brachiopoda were related to the Mollusca. But already in 1847 
and 1848 Steenstrup had thrown doubts upon this relationship, 
and had maintained that the Order was more closely related 
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to certain members of the Cliaetopoda., a view which afterwards 
found its ablest supporter in the American naturalist Morse. 

D’Orbigny seems to have been the first observer who drew 
attention to the resemblances alleged to exist between the 
Brachiopoda and the Tolyzoa, and Hancock, in his masterly 
works Oti the Anatomy of the Fresh-water Bryozoa (^Polyzoa) and 
in his Organisation of the Brachiojwda, dvrelt on these resem- 
blances, and placed the Brachiopoda between the Polyzoa on the 
one hand and the Ascidians on the other ; a collocation which 
subseij[uently resulted in their inclusion in the now discarded 
group of Molluscoidea. 

In 1854 Huxley^ published what is, with the possilde 
exception of Hancoc'k’s monograph, mentioned above, the most 
important work upon the anatomy of the Brachiopoda with 
which we are ac(piainted. He corrected numerous errors of his 
predecessors and added many new facts to our knowledge of 
the group. He was the first to describe the true nature of the 
lateral hearts of Cuvier, and to describe the true heart, afterwards 
so carefully figured by Hancock. 

A further step was made in 18G0 and 1861 by the discovery 
and description of the larvae of Brachiopoda, liy F. Muller and 
Tjacaze-Duthiers. Since that time we owe what little advance 
has been made in the embryology of the group to the researches 
of Morse and of Kowalevsky. 

Modern methods of research — section cutting, etc. — were 
first applied to the group by the Dutch naturalist, van 
Bemmelen,^ from whose admirable historical account of oui- know- 
ledge of the group many of the above facts have be(*n gathered. 
These methods have thrown considerable light upon the histology 
of the group, but have not added very much to our knowledge of 
the structure or the affinities of the Brachiopoda. The modern 
views as to the latter point may be best discussed after some 
account of the anatomy of the various genera has been given. 

The Shell 

The body of a Brachiopod is enclosed within a bivalve shell, 
but the two halves are not, as they are in the Pelecypoda, 

^ ** Contributions to the Anatomy of the Krachiopoda,” I^roc, Hoy, .S'oc.,vol. vii. 

^ ** Untcrsuchungen iiber den anatomischen u. histologisohcn Bau dt^r Brachio- 
poda Testicardinia, ” Jenaische Zcitschri/t, vol. xvi., 1883. 

VOL. Ill 2 H 
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one on each side of the body, but occupy a different position 
with regard to the main axes of the body. What this position 
is, has formed the subject of a good deal of discussion. For our 
purpose, however, it will suffice to distinguish the two valves by 
the most commonly accepted terms of dorsal and veiUrcd. The 
former is, as a rule, the smaller of the two, and usually lies 
on the lower surface of the animal in life. Adopting the orienta- 
tion indicated above, the stalk by means of which the Brachio- 
poda are attached to the rocks and stones, eta, upon which 
they live, becomes posterior, and the broader edge of the two 
shells, which are capable of being opened to some extent, is 
anterior. 

The posterior end of the shell usually narrows, and the 
ventral valve projects behind the dorsal, and may be produced 
into a sort of beak or funnel, through the aperture of which the 

Fia. 312. ^ Four specimens of 
Tertbraiulina caput serpen- 
tiSf attached to a water- 
logged piece of wood, f^m 
the Clyde area. 

stalk protrudes. This aperture may be completed by the ventral 
shell, or the latter may only be notched, in which case the hole 
is completed by the posterior edge of the dorsal shell. 

The nature of the shell has been used in classifying the 
group into two orders : — 

I. The Ecardines, whose shell is chitinous but slightly 

strengthened by a deposit of calcareous salts. There 
is no hinge and no internal supports for the arma 
The alimentary canal terminates in an anus. 

II. The Testicardines, whose shells are composed of calcareous 

spicules. The valves are hinged together, and there 
is usually an internal skeleton supporting the arms. 

V There is no anus. 

The outside of the shell of recent Brachiopods is often smooth, 
but many are ridged. In a recent species, Bhynchondla Dodet'- 
leini from Japan, Davidson ^ lias described a number of spines 

> a living Spinose Khynekontlla from Japan,” Ann. Mag. Kat, HM., 5th 
aer. vol. xvii. 1888. 
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arranged in concentric circles on the ribbed shell. They are not 
• so long as the spines irregularly scattered on the shell of Rh, 
spinosa from the Jurassic formations. Some shells are brightly 
coloured^ as, for instance, the various species of Cistdla which 
live on the coralline rock in the Mediterranean ; these exhibit 
bands or rays of alternate orange and bright pink. On the 
other hand, the shells of Terelratula vitrea are of a slightly trans- 
lucent white, and of the utmost delicacy. They are very large, 
so that the cavity within tlie valves is of much greater size than 
the body of the animal, but in' other genera the soft parts are 
I)acked very closely, and there is but a very small mantle-cavity 
or space within the shell unoccupied by the body of the animal. 
It is, however, more common for the shells of Brachiopods to be 
of a dull yellowish colour, and to be somewhat massive. Most 
species are attached by a pedicle or 
stalk to some rock or stone at the 
bottom of the sea, but in some, as in 
Crania, the ventral valve becomes 
closely adherent to its support, so 
much so that it is difficult, or inipos- 
sible, to remove the animal without 
leaving tlie ventral valve behind, ' ' 

Lingvla, like Crania, one of the ’ 

Ecardines, lives in sand (Fig. 321 . 

* \ C) ' anomala on a stone dredgeil 

p. 483), and does not use its long in Loch Fyne. The topmost 
pedicle to adhere to any fixed object. specimen is seen in i)roiile. 

The outline of the shell varies extremely. It may be almost 
round or prolonged along either axis ; the edges of tlie valves 
may be smooth or fluted in correspondence with the ridges and 
grooves of the outside of the shell. 

On the inner surface of the shell of the Testicardinate Brachio- 
poda, at the hinder end of the ventral valve, are two lateral 
teeth, which fit into corresponding sockets in the dorsal valve. 
These form a hinge, which in many cases is so arranged as to 
permit the shell to be opened to only a very limited extent 
There are also certain plate-like processes whicli project into the 
lumen of the shell, and help to support various portions( of 
the body ; and in Terelratula, Waldheimia, etc., these form a 
complicated band-like loop, which increases in complexity with 
advancing age, and serves to support the arma In the extinct 
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Spirifera the internal skeleton takes the form of two spirally 
coiled lamellae, which almost entirely fill the cavity of the shell ; 
the apices of the spirals point outwards (I’ig. 330). The inner 
surface of the shell also hears the marks of the insertion of the 
numerous muscles which govern its movements. 

Microscopic examination of thin sections of the shell shows 
tliat it consists of small prisms or spicules of calcareous sub- 
stance, whose long axis lies, roughly speaking, at right angles to 
the surface of the shelL These spicules are held together by 
an organic matrix, in which, however, no cellular elements can 
be detected. In sections made through a decalcified shell the 
position of the spicules which have been dissolved by the acid is 
indicated by spaces, and the matrix remains as a network of fibrils, 
which end on the outside in a thin cuticular layer of organic 
matter. In LingvXa and Diseina the organic matter takes a 
much larger share in the formation of the shell, which in these 
genera consists of a number of alternating layers of horny and 
calcareous matter. The former is described by Gratiolet as 
tibrillated, the fibrils being obliquely placed, whilst the latter 
consists of a number of small prisms set at right angles to the 
surface of the shell. 

In many genera, as in Terebratvia, Terehratella, Cintella, 
Waldkeiniia, Crania, etc., the shell is pierced by a number of 
small canals (i'ig. 314), which in the dried specimens form so 
many open pores, but in the living animal contain prolongations 
of the mantle or body wall which secretes the shell. They con- 
tain extensions of the layer of epithelial cells which lines and 
secretes the shell. The canals come to the surface and at 
their outer end are often slightly swollen. They are closed by 
the cuticular layer which is mentioned above as covering the shell 
externally. They are not found in the loops or other internal 
processes of the shell. In Crania the canals depart to some 
extent from the usual type ; instead of running a straight course 
to a somewhat swollen outer end, they break up into a number 
of very fine branching tubules, which form a very minute mesh- 
work near the surface of the shell These fine branches con- 
tain protoplasmic fibrils, which have their origin in the epithelial 
cells which lie in the tubules. 

By carefully counting the number of tubules in a given area 
of young and old si)ecimens of Waldheimia cranium, van Bern- 
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iiielen ^ was able to show that the spaces betw'eeii the tubules 
did not increase with age. He therefore reasoned that the sliells 
of Brachiopoda do not increase by intussusception, and that tlioir 
increase in size must be entirely due to additions made round 
their free edge. 

The function of the tubules has been a matter of some dis- 
cussion. They have been regarded as respiratory organs, but it 
would seem more reasonable to suppose that they serve as organs 
to supply nourishment, etc., to the organic matrix of the shell.“ 

With the exception of the genus Crania, it is usual for 
Brachiopods to bear round the edge of their mantle rows or bundles 
of chitinous setae or bristles (Figs. 315 and 319). The Icngtli and 
arrangement of these structures vary in the diflerent species ; they 
are secreted from little pits in the edge of the mantle. It seems 
probable that they serve to some extent as organs of defenet?, 
especially in the larva, where they make their appearance at an 
early stfige ; possibly they also serve as a filter, and prevent the 
entrance of foreign bodies into the shell. Their presence has 
been taken to indicate a certain degree of affinity between Brachio- 
pods and Chactopods, since setae are very characteristic of the 
last-named group. 


The Body 

The shell of a Brachiopod is secreted partly by the general 
surface of the body which is situated at the hinder end of the 
shell, and partly by the two leaf-like extensions of the body, 
which are termed the dorsal and ventral mantles. These are, in 
fact, folds of the body wall, and into them the body cavity and 
certain of its contents, such as the liver and generative glands, 
etc., extend. The space between the two folds of the mantle, 
which is limited behind by the anterior wall of the body, is 
termed the pallial or mantle cavity. On each side of the middle 
line the anterior wall of the body is produced into two “ arms,” 
which occujjy as a rule a considerable part of the mantle cavity. 
These arms may be but flattened portions of the general body 
wall, which occupies a large part of what in other genera is the 

* Loq. cit, j). 46.*). 

- Shipley, “On the Structure and Development of Argiope,” Mitt, aus d. Zool. 
Ztat. zu Neap. Bd. iv. 18S3. 
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iiiantle of the dorsal valve, as in Cistella and Argiope ; ^ or they 
may be outgrowths of the body wall in the form of long processes, 
which are coiled and twisted in a very characteristic manner in 
the various genera. In any case the cross section of the arm 
shows a groove, one side of which forms a continuous lip, and 
the other takes the form of a single row of tentacles, which are 



Fia. 314, — View of the left half of Chtella 
(Argiope) neapolitana, which has been cut 
ill tw'O by a median longitudinal incision, to 
show the disposition of the organs. Partly 
diagrammatic. The iuoiganic part of the 
shell only is shown. The tubular exten- 
sions of the mantle and the organic outer 
layer are not indicated, and hence the x>ores 
ax^xieor open. 

1. Tlic ventral valve. 

2. Tlie dorsal valve. 

3. The stalk. 

4. The mouth. 

5. Lip which overhangs the mouth and 
mmf all round the tentacular arms. 

6. Tentacles. 

7. Ovary in dorsal valve. 

8. Liver diverticula. 

9. Occlusor muscle ; its double origin is 
shown. 

10. Internal opening of left nephridium. 

11. External opening of lett nephridium. 

12. Ventral adjustor. The line from 10 
crosses the dorsal adjustor. 

13. Divoricator muscle. 


richly ciliated and capable of considerable movement. The whole 
arm in Mhynchondla can be protruded from the shell, as was 
noted years ago by O. i\ Miiller, and although his statement to 
this effect has often been doubted, its truth was confirmed by 
Professor Morse,® who writes : “ In the year 1872, while studying 
living Jthynehonella in the St. Lawrence, I observed a specimen 

^ Sohulgin, “ At^ope EowaleTdcii,” Zeit./, wi$s. Zdol. Bd. 41, 1885. 

* Amtrkan Jour, of Sei. and Arts, 8rd series, rol. xviL 1879. 
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protrude its arms to a distance of 4 c.m. beyond the anterior 
borders of the shell, a distance nearly equalling twice the length 
of the shell.” The same observer also mentions that Lingula 
has the power of partially protruding its arms. In most genera 
the cirrhi or tentacles can alone be protruded. 

The cilia which clothe the tentacles keep up a constant flow 
of water into the mantle cavity. This stream not only serves 
to aerate the blood of the animals — a process which probably 
takes place through the thin inner lining of the mantle — but it 
also brings with it a number of diatoms and other minute 
organisms which serve as food. These particles become entangled 
in the tentacles, and are ultimately lodged in the groove at their 
base, and passing along this by the action of the cilia they find 
their way into the wide mouth, into which the groove deepens in 
the posterior median line. 

The Digestive System 

The mouth leads into an oesophagus; this widens into a 
chamber which may be termed the stomach (Fig. 314), and which 
receives the openings of two large branching glands usually 
known as the liver. The stomach passes into a short intestine 
which is usually bent at about a right angle with the oesophagus. 
In the Testicardines the intestine ends blindly, but in the 
Ecardines it is of much greater length, and terminates in an 
anus, situated posteriorly in the median line in Crania, but 
asymmetrical and to the right of the body in Lingula (Fig. 315) 
and Discina; in both cases, however, the opening is into a 
portion of the mantle cavity. The alimentary, canal is supported 
by a median dorsal and ventral mesentery, and by two pairs of 
lateral mesenteries which pass to the body wall. The lateral 
mesenteries are not always quite distinct. When they are, the 
anterior pair are known as the gastro-parietal bands, and the 
posterior as the ileo-parietal. In Rhywhondla there are two 
pairs of renal organs, and each of these mesenteries bears the 
internal openings of one pair. In all other Brachiopods there is 
only one pair, and they are supported by the ileo-parietal bands. 

The alimentary canal is ciliated throughout, and some inter- 
esting observations have been made by Schulgin ^ on the shorten- 

^ Loc, cit, p. 470. 
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iiig of these cilia in Argiope {Cistelld) when the animal is well 
fed, and their elongation wlieii the animal is hungry. Amongst 
tlie ciliated cells certain glandular cells have been described. The 
so-called liver consists of two more or less branching glands, 
which open by wide apertures, one on eacli side of the stomach. 
It seems probable that a good deal of digestion is carried on in 
these glands, since the diatoms and other minute organisms 
upon which the 3 irachio]) 0 (hi live are usually found in the 
branches of these glands, and the glandular cells lining the 
tubules vary much in appearance according to the unimars state 
of nutrition. 

The Body Cavity 

Tlie alimentary canal and liver ocicupy a considerable portion 
of tlic l)ody cavity or general space of 
the body ; this space is to some extt?nt 
cut up by the various mesenteries 
above mentioned. It also lodges the 
reproductive organs and the excretory 
ducts. Its walls are (dliated, and the 
action of the cilia keeps in motion 
the corpusculated fluid that bathes the 
various organs in the body cavity. The 
mantles, which are nothing hut flat- 
tened leaf-like extensions of the body 
wall lining the shell, also contain 
diverticula of the body cavity, which 
may be simphi flattened sj)aces or may 
be broken up into definite channels, as 
in Lingula (Fig. 315). It seems not 
improbable that the body cavity fluid 
is aerated through the thin inner layer 
of the mantle. 

Fit;. 31. 'J. — View of the inner side -n • i ^ o t 

of a valve of Lingula anati- Euiiiiiiig along the base of eacli arm 

fern (.ifter Francois), to show Cillials, a small OllC at the base 

tlie definite arrangeinent of , . , ^ ^ 

the rliannels in the mantle ot the tontacles, which we may term 
position of mouth; b, posi- tentacular canal, and a larger 

tlOll of anus. i 1 i • rtVi 

one, the canal of the lip. 1 he 

former sends a prolongation into each tentacle. The latter is, 
according to Blochmann, a closed ciinal in Crania, Lingula, Rhyn- 
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chonella, and others; but according to Joubin,^ it communicates 
in Crania at one point with the tentacular-canal. It is probably 
originally a part of the body cavity. Blochinann - states in very 
definite terms that in Crania neither the large canal nor the 
small canal communicates with the general body cavity, but he 
admits that in Lingula the small canal opens into that space. 

The Circulatory System 

The details of the discovery of the central circulatory organ 
of Brachiopods form a curious and instructive chapter in the 
history of modern morphological inquiry. Hancock, in his 
monograph on the group, described and figured on the 
dorsal surface of the alimentary canal a well -developed heart, 
which had been previously noticed by Huxley, who lirst showed 
that the organs which up to his time had been regarded as 
hearts were in reality excretory organs. In connexion with this 
heart Hancock described numerous arteries, distributed to various 
parts of the body. The observers who have written upon the 
anatomy of Bracdiiopods since Hancock's time, in spite of the 
fact that they had at their disposal such refined methods of 
rcscjarch as section cutting, which was quite unknown at the 
time his monograph was written, have almost all failed to find 
this circulatory system, and many of them have been tempted 
to deny its existence. Blochinann,^ however, in the year 1885 
stated that he had found the heart, and had seen it pulsating in 
several species of Brachiopoda which he had rapidly opened 
whilst alive. Joubin has also described it ip large specimens 
of Waldheimia venosa, and recently Blochmann has published a 
detailed account of his work on this subject. Both these authors 
describe the heart as a vesicle with muscular walls, situated 
dorsal to the alimentary (janal. From this, according to Bloch- 
manii, a vessel — the branchio-visceral of Hancock — runs forward 
as a triangular split in the dorsal mesentery supporting the 
alimentary canal. This vessel divides into two at the oeso- 
phagus, and passing through some lacunae in the walls of this 

^ “Recherches sur I’Anat. des Brachiopodcs Inarticulcs,'* Arch. Zool. Exp. (2), 
Tome iv., 1886. 

* UvUrsuchungen iiber den Ban der Braehiopoden, Jena, 1892. 

* “ Vorlaufigo Mittheilungen iiber Bracliiopoden," Zool. Anz. Bd. viii. 1885. 
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tube, opens into the tentacular canal, and consequently supplies 
the tentacles with blood. These two canals, which diverge 
from the median artery, are connected ventrally by a vessel which 
runs below the oesophagus; the latter is therefore surrounded 
by a vascular ring. Blochmann also describes two pairs of 
vessels that were seen and figured by Hancock. A pair of 
these pass over the gastro - parietal mesenteries and into the 
dorsal mantle sinus, the second pair pass over the ileo-parietal 
mesenteries and into the ventral mantle sinus ; each of these four 
arteries runs to one of the four generative glands, which, as is so 
usually the case in the animal kingdom, have thus a specially 
rich blood supply. If this description should prove to be correct, 
the vascular system of Brachiopods shows a striking resemblance 
to that of the closed vascular system of the unarmed Gephyrea, 
except that the former group has specialised genital vessels. 
The blood is colourless. 

Joubin’s description of the vascular system of W. venosa differs 
in some respects from that of Blochmann. He regards the heart 
as collecting the lymph which it receives from numerous lacunar 
spaces in the walls of the alimentary canal, and distributing it 
through various vessels, which in the main correspond with those of 
Blochmann, and which run both to the “ arms ” and to the genera- 
tive glanda The latter vessels, however, open freely into the 
body cavity, and the fluid which is forced out from their openings 
freely bathes the organs found in the body cavity. Whichever 
of these accounts should prove to be more closely in accordance 
with the facts, there is little doubt that in addition to the true 
blood there is a corpusculated fluid in the body cavity which is 
to some extent kept in motion by the ciliated cells tW line its 
walla 


The Excretory Oz;gaii8 

The excretory organs (kidneys) which were at one time 
regarded by Cuvier and Owen as hearts, are typical nephridia — 
that is to say, they are tubes with glandular excretory walls 
which bpen at one end by a wide but flattened funnel-shaped 
opening into the body cavity, and at the other end by a circular 
pore to the exterior (Fig. 314). In BkyneTumdla, where 
there are two pairs of these tubes, — the only evidence that the 
group presents of any metameric repetition of parts, — the inner 
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ends of the anterior pair are supported by the gastro-parietal 
mesenteries, and those of the posterior pair by the ileo-parietal 
mesenteries. In all other Brachiopods the posterior pair alone 
exista The external opening of these nephridia is nesf the 
base of the anus ; in Cistella it is at the bottom of a brood-pouch 
formed by the tucking in of the body wall in this neighbour- 
hood, and in this brood-pouch the eggs develop until the larval 
stage is reached. 

The walls of these nephridia are lined by ciliated cells, 
amongst which are some excretory cells, in which numerous 
brown and yellow concretions are to be seen ; these are probably 
the nitrogenous excreta of the animal, and pass out of the body, 
being washed away by the stream of water which is constantly 
passing between the shells. 

As in so many other animals, the nephridia act as genital 
ducts, and through them the ova and spermatozoa, which break 
off from the genital glands and fall into the body cavity, find 
their way to the outer world. 

The Stalk and Mnscles 

The body cavity of a Brachiopod is traversed by several pairs 
of muscles, which are very constant in position, and whose con- 
traction serves to open and close the shell, to move the animal 
upon its stalk, and to govern the movements of the arms. 

The stalk is absent in Crania, and the members of this 
genus are attached to the rocks on which they are found by the 
whole surface of their ventral valve. In JAngvla (Fig. 316) 
the stalk is long and hollow, containing 'What is probably a 
portion of the body cavity, surrounded by muscular walls. 
Lingvla is not a fixed form, but lives half-buried in the sand 
of the sea-shore (Fig. 321). Diacina, the other member of 
the Ecardines, has a peduncle which pierces the ventral valve 
and fixes the animal to its support. Amongst the Testicardines, 
Theeidivm is also fixed to its supports by the surface of its 
ventral valve; the other genera, however, are provided with 
stalks, which, being the means of the fixation of the animals, 
become at the same time , the fixed points upon which their 
very limited movements can be effect^ The stalk protrudes 
through the notch or aperture at the posterior end of the ventral 
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valve, and it probably belongs to the ventral side of the body. 
It is in Cistella, and doubtless in other genera, in close organic 
connexion with both valves, and it seems to consist of an un- 
usually large development of the supporting tissue which occurs 
so frequently in the body of Brachiopods. The surface of the 
peduncle is produced into several irregularities and projections 
which lit into any depressions of the rock upon which the 
animal is fixed. 

In Cistella there are four pairs of muscles, two connected 
with opening and closing the shell, and two with the movement 
of the body upon the stalk (Fig. 314). The most considerable 
of these muscles are the two occlusors, which have their origin, 
one on each side of the middle line of the dorsal valve, and their 
insertion by means of a tendon into the ventral valve. In the 
species in question each of these muscles arises by a double 
head, the two muscles thus formed probably representing the 
anterior and posterior occlusors of other forma The contraction 
of these muscles undoubtedly serves to close the shell, which 
is opened by a small pair of divaricators arising from the 
ventral valve, and inserted into a portion of the dorsal shell 
which is^ posterior to the axis of the hinge. Contraction of 
these muscles would thus serve to approximate the posterior 
edges of the valves and divaricate the anterior edges and thus to 
open the shell 

The adjustors are four in number, a ventral pair rimning 
from the ventral valve to be inserted into the stalk, and a corre- 
sponding dorsal pair from the dorsal valve. The simultaneous 
contraction of either pair would tend to raise the valve, whilst 
the alternate contraction of the muscles of each side would tend 
to rotate the shell upon the peduncle. The muscles of Wald- 
heimia flaveseens are shown in Fig. 329, and described briefly 
on p. 502. 

The muscles of the Ecardines differ from those of the Testi- 
cardines inasmuch as they do not terminate in a tendon, 
but the muscle fibres run straight from shell to shell. They 
are also more numerous. In Crania there is an anterior and 
a posterior pair of occlusor muscles, and two pairs of oblique 
muscles, which seem when they contract together to move the 
dorsal shell forwards, or when they contract alternately to 
slightly rotate it. In this genus there are also a pair of pro- 
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tractors and a pair of retractors, and two levators of the arms, whose 
function is to draw forw'ard or retract the arms, and an unj)aired 
median or levator ani muscle. In addition to these bundles of 
muscles there are certain muscles in the body wall, and it seems 
probable that by their contraction, when the adductors are 
relaxed, the body may become somewhat thicker and the valves 
of the shells will slightly open. 

In Lingula (Fig. 322) the muscular system is more com- 


Fig. 316. — A semi - rliagrammatic 
figure of the muHCular syNteiii of 
Crania (after Blochtnauii) : a, 
anterior occluBor ; posterior 
occluHor ; r, superior ol)lique ; 
c?, inferior oblique ; retractor 
of the arms ; /, elevator of the 
arms ; (j, protractor of the arum ; 

unpaired median muscle. The 
dorsal valve is uppermost. 


plicated ; in addition to the anterior ( = anterior laterala) and 
posterior ( = centrals) pairs of occlusors, there is a single divari- 
cator ( = umbonal), whose contractions in conjunction with those 
of certain muscles in the body wall press forward- the fluid in the 
body cavity, and thus force the valves of the shell apart ; and 
there are three pairs of adjustor muscles. These latter are 
‘called respectively the central ( = middle laterals), external 
( = external laterals), and posterior ( = transmedians) adjustors, 
-whose action adjusts the shells when all contract together, and 
brings about a certain sliding movement of the shells on one 
another when they act independently of each other.^ 

* Hancock’s nomenclature is here used. The corresponding; names used by King 
and Brooks are placed in brackets. Their nomenclature is used by many palaeon- 
tologists, and is adopted in Fig. 822. 
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The Nenrotu System 

The nervous system of Brachiopods is not very clearly 
understood, and there are considerable discrepancies in the 
accounts of the various investigators, even when they are 
dealing with the same species. So much, however, seems certain, 
that there is a nervous ring surrounding the oesophagus, that 
this ring is enlarged dorsally, or, in other* words, near the base 
of the lip, into a small and inconspicuous dorsal ganglion, and 
again ventrally or just behind the base of the tentacles into a 
ventral or sub-oesophageal ganglion. The latter is, contrary to 
what is usual in Invertebrates, of much larger size than the 
supra-oesophageal ganglion, but like the last named, it has retained 
its primitive connexion with the ectoderm or outermost layer 
of the skin. Both ganglia give off a nerve on each side which 
runs to the arms and along the base of the tentacles and lips. 
The sub-oesophageal ganglion also gives off nerves which supply 
the dorsal and ventral folds of the mantle, the muscles, and 
other parta 

The modified epithelium in connexion with the ganglia may 
possibly have some olfactory or tactile function, but beyond this 
the Br^hiopoda would appear to be devoid of eyes, ears, or any 
other kind of sense organs, — a condition of things doubtless 
correlated vrith their sessile habits, and with the presence of a 
bivalved shell which leaves no part of their body exposed. 

The Reproductive System 

The majority of Brachiopods are bisexual, and many autho- 
rities regard the separation of sex as characteristic of the group ; 
on the other hand, Lingula pyramidaia is stated to be herma- 
phrodite, and it is not impossible that other species are in the 
same condition. 

The generative organs are of the typical sort, that is, they 
are ^formed from modified mesoblastic cells lining the body 
cavity. These cells are heaped up, usually in four places, and 
form the four ovaries or testes as the case may be (Fig. 314). 
The generative glands usually lie partly in the general body 
cavity and partly in the dorsal and ventral mantle folds, two on 
each side of the body. Along the axis of the heaped-up cells 
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runs a blood-vessel, which doubtless serves to nourish the gland, 
the outer surface of which is bathed in the perivisceral, fluid. 
Every gradation can be found between the ripe generative cell 
and the ordinary cdl lining the body cavity. When the ova 
and spermatozoa are ripe they Ml off from the ovary and testis 
respectively into the body cavity, thence they are conveyed to 
the exterior through the nephridia. The ova in certain genera, 
such as Argiope, Ciatdla, and Thecidium, develop in brood- 
pouches which are either lateral or median involutions of the 
body wall in the neighbourhood of the external opening of the 
nephridia; they are probably fertilised there by spermatozoa 
carried from other individuals in the stream of water which 
flows into the shell. In other species the ova are thrown out 
into the open sea, and their chances of meeting with a sperma- 
tozoon is much increased by the gregarious habits of their 
sessile parents, for as a rule considerable numbers of a given 
species are found in the same locality. 

The Embryology 

We owe what little we know of the embryology of the group 
chiefly to Eowalevsky,^ Lacaze-Duthiers,’ and Morse.* The 
Bussian naturalist worked on Cistdla {Argiope) neapolitana, the 
French on Thecidium, and the American chiefly on T&rebrctivXina. 

Although this is not known with any certainty, it seems 
probable t^t the eggs of Brachiopods are fertilised after they 
have been laid, and not whilst in the body of the mother. The 
spermatozoa are doubtless cast out into the sea by the male, and 
carried to the female by the currents set up. by t^e cilia clothing 
the tentacles. 

In Thecidium, Cistdla, and Argiope the first stages of develop- 
ment, up to the completion of the larva, take place in brood-pouches; 
in Terebraiidina the eggs pass out of the shell- of the mother and 
hang in spermaceti-white clusters from her setae and on sur- 
rounding objects. In the course of a few hours they become 
ciliated and swim about f^ly. The brood-pouch in Thecidium 

* I>eveU)fme«t ef Ou Bretehiopoda, 1873 (RoMian). 

* “ Histoire de la Th^cidie,” Ann. d. Sei, Nat,, S8r. 4, vol. xr. 1861. 

* “ On the Early Stages of Terebratnlina septentrionalis,” Mem, Bottom Soe. Nat, 
Ritt. vol. iL 1869. “On the Development of Terebtatulina,” Ibid. voL iu. 1873. 
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is median, in the convex lower shell, in Cistelld it is paired, and 
arises by the pushing in of the lateral walls of the l)ody in the 
region just behind tlie horse-shoe-shai)ed tentacular arms ; the 
renal ducts, which also serve as oviducts, oi)en into these lateral 
recesses. 

Ill the female Thecidmin (Fig. 317) the two median tentacles 
which lie just behind the mouth are enlarged and their ends 
somewhat swollen ; tlicy are bent back into the brood-pouch, 
and to them the numerous larvae are attached by a short lila- 
iiient inserted into tlie second of the four segments into wdiich 
the larva is divided. In CiHtdla a similar lilainent attaches the 
larvae to the walls of the brood sac ; thus they are secured from 


Fig. 317. — Brood-pouch of Thccidium 
mMitermneim. (After Lacaze- 
Diitliiers.) Part of the wall of the 
poucli has been removjMl to show 
tlie cluslurs of larvae. 

1. Mouth, overliung by lijj. 

2. One of tlio two inediaa ten- 
tacles which arts enlarged and niodi- 
lied to bear the larvae. 

3. Wall of brood -})Ouch into 
which the median tentacles are 
fohled. 

4. Larva attac.hetl to the swollen 
end of the tentacles. 



being washed away by the currents constantly flowing through 
the mantle cavity of the mother. 

In Cistella the larva consists at first of two segments, but 
the anterior one divides into two, so that in the free swimming 
larva we find three segments, the hinderuiost somewhat longiir 
and narrower than the others and destined to form the stalk. 
About the time of the appearance of the second segment four 
red eye-spots arise in the anterior segment, which tends to be- 
come constricted off from the others, and may now be termed the 
head. It gradually becomes somewhat umbrella-shaped, develops 
cilia all over its surface and a siiecial ring of large cilia round 
its edge. 

In the meantime the second or mantle segment has grown 
down and enveloped the stalk, and four bundles of setae have 
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c'lriseii from its Jii this stam* tlu* larva loaves its iiiothor’s 

shell and swims out into the world of watt'i* to look for a siiit- 
ahle place on wliich to settle down. This is the only sta^o in tlie 
lift; history of a l>rachio])od when tlie animal is huMunotor, and (*an 
stTve to spread its speeit^s. The extreme miiuiti‘iu*ss of the lai va 
and the siiort time it spends in tliis nn>tile condition ]>rohal>ly 
ae('ounts for the fact that P>rachio]>ods an* extremc*ly localiseil. 
Wliere th(‘y do occur they are found in jL»Teat numl)ers, rocks 
being often almost covered witli them, but tlawan*. not found (»ver 
large areas. AVhen viewed under a niicrosi*t)]>e tlie larvac‘. simmu 



Fr(J. 31 S. - - Voiiiii' l.'irva of 
Vistt'Ha mapid lift no , 
.sliowiiijf lliri'i! so;'' 
iiuMits, two oyo spcas, 
uiiil two bundles <ir 
sotao. (Al'tor Kowji- 
lovsky. ) 



Fn;. 310. FulI'iLTiowii birva of fV.v- 
h//n fi ’/uditono, with 
sliajM'il cili:iti:i|. (Afli-r 

Kowah*v.sky/l 


to be moving with siir]jrisiiig rapidity, but judging from the 
analogy of other forms, it seems doubtful if they swim a. yard in 
an hour. 

Frequently the larva stands on its li(‘ad for soiik^ tiiia*, as if 
investigating the nature of tlie rocks on which it may stfttle ; it 
is extremely contnictile, turning its lu*ad from time to tinH% 
and seldom retaining the same outline for any length of time ; the 
setae are protruded, and at times stick out in (^very direction ; 
tht?y are possibly defensive in function. When fully stretch(*<l 
out the larva is about -J- mm. long, but it frequently shortens its 
VOL. Ill 2 I 
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bofly to two-thirds of this length. The larvae are of a pinkish 
red colour, with eye-spots of ruby red. Their colour renders 
them difficult to discern when they are swimming over the red 
coralline rocks upon which they frec^uently settle. After swim- 
ming about for a few hours the larva fixes itself finally, 
apparently adhering by some secretion produced by the stalk 
segment. The folds of the second or body segment then turn 
forward over the head, and now form the ventral and dorsal 
mantle folds ; these at once begin to secrete the shell on their 

Q 9). © <3 Q 

Fig. 320. — Stages in the development of the larva of Ter^atuUna septentrionaXis, (After 
Morse.) The youngest larva has two segments, a third then appears, the larva 
tlien fixes itself, and the second segment folds over the first and develops bristles 
round its edge. 

outer slirfaces. The head with its eye-spots must be to some 
extent absorbed, but what goes on within the mantle is not 
accurately known. The setae drop off and the tentacular arms 
begin to appear as a thickening on the dorsal lobe of the mantle. 
They are at first circular in outline. The various changes which 
the larva passes through are well illustrated by Morse for Tere- 
hratulina, which spawns at Eastport, Me., from April till August. 
The different stages are represented in outline in Fig. 320, taken 
from his paper. 


Habits 

There is little to be said about the habits and natural history 
of the Brachiopoda. When once the larva has settled down, the 
animal never moves from the spot selected ; occasionally it may 
rotate slightly from side to side on its stalk, and from time to 
time it opens its shell. As so frequently is the case with sessile 
animals, the sense organs are reduced to a minimum, the eyes of 
the larva disappear, and the only communication which the 
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Miiimal has with the world around it ia 
hy means of the currents set ui» by the 
cilia on the tentacles. 

In spite of the absence of any definite 
eyes, Thecidium, according to I^icaze- 
Duthiers, is sensitive to light ; he imticed 
for instance that, when his shadow fell 
across a number of these animals he was 
watching in a vessel, their shells, which 
had been jireviously gaping, shut up at 
once. 

In Cistelht the tentacles can be jiro- 
truded from the open shell, and in lihyn- 
chon cl I a the spirally-coiled arms can be 
unrolled and extruded from the shell, but 
this does not seem to have T>een ol.»served 
in other genera, witli the iiossible ex- 
ception of Linijaht, The food of these 
animals consists of minute fragments 
of animal and vegetable matter, a veiy 
large jiroportion of it being diatoms and 
other small algae. 

Linijnla differs markedly from the 
other memliers of the grou]), inasmuch 
as it is not firmly lixed to a r<K*k oi’ 
some such body by a stalk or by *»ne of 
its valves, but lives in a tube in the 
sand. Some recent observations of 
ilons. r. Fran(;ois ^ on living s]>«x*imens 
of Linyula anatifera whicli he found 
living in great numbers on the sea- 
shore at Xoumea in New Caledonia 
may be mentioned. The presence of 
the animal is shown by a number of 
elongated trilobed orifices which lead 
into the tube in whicli the Liny ala lives. 
The animals, like most other Kraehi- 
opods, live well in cajitivity, and he was 
able to watch their habits in the aquaria 
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Fia, 321. — Figures illustratiriK 
the tiibes in wliich LhiijuUt 
anatifera lives. The npiMT 
figure is a view of the tri- 
lohed ojieiiiii^ of the tube. 
The lower tigiiri^ allows the 
tube in the sand laid open 
and the auiinul exjiosed. 
The dotted line indicaten 
the position of the body 
when retracted. The darker 
portion is the tube of sand 
a^Klidinated by the secre- 
tion of the stalk. (After 
Frain;ois. ) 


^ “Choses de Noumea,” Arch, d, Zooh exp, ci gen, 2nd ser. vol. ix. 1891. 
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of his laboratory. The Lingula j)lace themselves vertically ; the 
anterior end of the body just reaches the level of the sand ; tlie 
three lobes into which the orifice of the tube is divided corre- 
sponding with the tlirec brushes of setfte which project fi-om the 
anterior rim of the mantles. These setae are described by Morse 
as projecting in the form of three funnels ; currents of water are 
seen continually passing in at the side orifices and out through 
the central. The tube consists of two portions : an upper part, 
which is flattened to correspond with the flat shape of the l)ody, 
and a lower part, in which the stallc lies. The upper part 
is lined with a layer of mucus, but the sand is not glued 
togetlier to form a definite tube. The lower part of the 
stalk, or the whole when the animal is contracted, is lodged 
in a definite tube composed of grains of sand agglutinated by 
mucus, probably secreted from the walls of the stalk. At the 
least sign of danger the stalk is contracted violently, and the 
body is withdrawn to the bottom of the upper portion of the 
tul)e. The rai)id retreat of the animal is followed by the 
collapse of the sand at the mouth of the tube, and all trace of 
the presence of the Lingula is lost. 

The shells of this species are fre(]ueutly rotated through a 
small angle u[)on one another, a movement which is prevented 
in the Testicardines by the hinge. In very young transparent 
sj)eciiiieiis Francois was able to observe the movements of the 
fluid ill the system of tubules which penetrate the mantle ; these 
tubules are figured by him, and Fig. 315 is taken from his 
illustration. 

Davidson, in his Monograph on the British Fossil Brachi- 
opoda, states that the largest " recent Brachiopod which has 
come under my notice is a specimen of Waldheimia venosa 
Solander, measuring 3 iiudies 2 lines in length, by 2 inches in 
breadth, and 1 inch 1 1 lines in depth.” It was found in the 
outer harbour of Fort William, Falkland Islands, in 1843. A 
specimen of Terebratula grandis from the Tertiary deposits, how- 
ever, exceeds this in all its dimensions. Its length was 4^ 
inches, its breadth 3 inches 2 lines, and its depth 2 inches 2 
lines. 

Distribution in Space 

Brachiopods are very localised ; they live in but few places 
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but when they are found they usually occur in great numbers. 
During the cruise of the Challeiujcr, dredging was conducted at 
361 stations; at only 38 or 39 of these were Brachiopoda brought 
up. Mr. Cuming, quoted by Davidson, records that after a great 
storm ill the year 1836, he collected as many as 20 bushels of 
Limpda anatifera on the sea-shore at Manilla, wheie, he r(dat(\s, 
they are used as an article of food. It has been suggested above 
that their abundance in certain localities is due to their limiti'd 
powers of locomotion, which are eHective but for a fiiw hours, 
the larva being, moreover, so minute that unless borne l»y a 
current it could not travel far from its parent. When once 
settled down it has little to fear from the attai'ks of othei* 
animals. The size of its shell relative to its liody would 
deter most animals from regarding it as a dcsii‘al)le article of food, 
and as far as is known at present the BraeliiojKida sufler but 
little from internal parasites, the only case T know lieing a 
minute parasitic Copepod belonging to a new and as yet unnanied 
genus which 1 found within the mantle cavity of (Jhidla {Arf/iopc) 
neapolitarm in Naples. Their slight value as an ai-ticle of diet 
has doubtless helped to preserve them througli the long piiriods 
of geological time, through which they have cxisb*d a.p])arently 
unchanged. 

Two of the recent genera of the himily Lingulidae, Linfpda 
and GlottidiapiiVid usually found between tide-marks or in shallow 
water not exceeding 17 I’athoms. Dholna is iilso found about 
the low-tide level, but one species at any rate, TMsr/inisca ntlantirji^ 
has been dredged, according to Davi<lson, “ at dejiths ranging from 
690 to nearly 2425 fathoms.” Their larvae frequmitly settle on 
the shells of their parents, and thus numbers of over]a})])ing sliclls 
are found clustered together. Crania is usually dredged from 
moderate depths down to 808 fathoms, adhering to rocks, luiiqis 
of coral, stones, and shells. 

Of the Testicardines, Terehratula Wyvillei has probalily l)(*.en 
found at the greatest depth, i.e, 2900 fathoms, in tluj North 
Pacific. It is interesting to note that its shell is glassy and 
extremely thin. The Brachiopoda are, however, as a rule*, 
found in shallower water; they abound up to a depth of 500 or 
600 fathoms, after which they rapidly diminish with increasing 
depth. About one-half the named species occur at a dejitli of 
less than 100 fathoms. 
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The vertical ran^ of depth of certain species, is- great; Ter^ 
hraivla vitrea is recorded from 6 to 1456 fsthoms, T. WyvUlei 
from 1035 to 2900 fathoms. This is to some extent explic- 
able since, after a certain depth has been reached, many of 
the external conditions, such as absence of temperature and 
light, must remain constant even to the greatest depths of the 
ocean. 

The area of the ocean explored by dredging forms such an 
infinitesimal fraction of the -whole, that it seems superfluous to 
consider the horizontal distribution of Brachiopods. A few facts 
may, however, be mentioned. Certain species, as T&rehratvla 
vitrea, T. caput serpentia, Woddheimia cranium, Megerlia trun- 
cata, and Discinisea atlantica have a very wide if not cosmo- 
politan distribution. The second of the above named extends as 
far north as Spitsbergen, and as far south as Kerguelen Island. 
Many species are, on the other hand, very localised, and have 
hitherto only been found in one place. A very considerable 
number of these have been dredged ofl' Japan and Korea, and 
this region may be to some extent regarded as the headquarters 
of the group. 

The |ollowing species have been obtained within the limits 
of the British Area, as defined by Canon Norman, who has been 
good enough to revise the list, which is founded on that drawn 
up by Davidson in his Challenger Beport. Their range of bathy- 
metric distribution is given in the column on the left. 

Depth In 
Fftthonifl. 

0 to 1180. T^elratulina capvi serpewtU Lin. . Oban, and off Gumbrae Islands, 

Loch Torridon, Scotland, otf 
Belfast 

8 to 26. TerebraJtula {Owynia) w . Belfast Bay, £. and S. coast of 

Ireland, Plymouth, Weymouth, 
and 6nern«ey 

6 to 690. Waldheimia cranium Muller . . . North British seas. Off Shet- 
land 

75 to 725. Waldheimia atpHgera Lov6n . . . North British seas. Off Shet- 
^ land ^ 

20 to 600. TerebraUlla spitxbergenmau . N.N.W. of Unst, Shetland 

18 to 864. Argiope deeollata ChemmU . . . Two miles east of Guernsey 
20 to 45. CiiUlla eUUllula S. Wood . ... Shetland,- near Weymouth, S. 

coast of England 

650 to 1750. Atretia gnomon Jeff, . . . : . Wv of Donegal Bay in 1448 

fatha Between Ireland and 
Bockdll, in 1360 faths. 
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Depth in 
FaUiome. 

10 to 690« Gmelin . . Shetland and near Dogger Bank. 

This species is possibly fossil 
as well as recent. 

3 to 808. Crania anomala Muller Loch Fyne, North of Scotland 

600 to 2425. a^^an^ica King .... W. of Donegal Bay in 1866 fatha, 

W. of Ireland in 1240 faths., 
off Dingwall Bay 

OlasBiflcatioii. 

The table of classification here appended is that suggested by 
Mr. Davidson in his Monograph on the Becent Brachiopoda. 

I. TESTICABBINES 

Family. 

A. Terebratulidar. This includes the majority of genera and of species, the 

latter, without counting uncertain species, amount- 
ing to sixty-eight. Examples : Terehratula^ Tere~ 
bratellay Terehratulina^ Waldheimia^ Megerlioy 
Argiope, CUtella, 

B. Thecidiidae. This family contains one genus, Thecidiumt with two 

species. 

C. Rhyxchonellidae. This family is made up of eight species, six of whiji^h 

belong to the genus Bhynchotiella^ and two to 
Atretia, 

II. ECARDINES 

D. Craniidae. This family comprises the four species of Crania, 

E. Discinidae. This family contains one species of Ditcina and six 

of Discinisca, 

F. Linoulidae. This family consists of eight sp^eies of Lingula and 

three of Glottidia, 

It is impossible to come to any satisfactory conclusion as to 
the position of the group Brachiopoda with relation to the rest 
of the animal kingdom. They have, in accordance with the views 
of various investigators, been placed in close connexion with many 
of the large groups into, which the Invertebrates are split up. \ 
MoUusca, the Tunicata, the Folyzoa, the Chaetopoda, the Gephyreii, 
and of recent times such isolated forms as Phoronis and 
have all in turn had their claims advanced of relationship to this^ ' 
most ancient group. As far as I am in a position to judge, their 
affinities seem to he perha{is more closely with the Gephyrea and 
with Pharonu than with any of the other claimants ; but I think 
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even these are top remote to justify any system of classification 
which would bring them together under :a common name. In- 
vestigation into the details of the embryology of the group, more 
especially into that of the Ecardines, might throw some light 
on this subject, and it is much to be desired that this should be 
undertaken without delay. That the group is a most ancient 
one, extending from the oldest geological formations, we know ; that 
the existing members of it have changed but little during the 
vast lapse of time since their earliest fossil ancestors flourished, 
we believe ; but we are in almost total ignorance of the origin or 
affinities of the group, and we can hardly hope for any light on 
the subject except through embryological research. 
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PALAEONTOLOGY OF THE BUACHIOPODA 
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INTERNAL CHARACTERS DIVISION 11. TESTICARDINES EX- 
TERNAL CHARACTERS INTERNAL CHARACTERS SYNOPSIS OK 

FAMILIES STRATIGRAPHICAL DISTRIBUTION PHYLOGENV AND 

ONTOGENY. 

Introduction 

The wide distribution and vast abundance of tlie I>iacliio])oda 
throughout the whole series of geological formations make this 
grou]) of especial imjjortaiicc to the stiuUuit of the ])asl liistoiy 
of the earth; and tlie zoologist must always regard this fossil 
forms with peculiar interest, because they not only largely out- 
number th(^ living representatives, but com|>rise numerous (extinct 
genera, and even families, exhibiting types of structure and 
characiters entirely absent in the modern meml)ers of the grouji. 
It is a most fortunate circumstance tliat the excellent state of 
preservation in which we fre<|uently fiml theiii, ami the imimuise 
amount of material at our disposal, enable us. to det(;rmine with 
accuracy and certainly the internal characters of the slujlls in 
the great majority of cases. But it is only since the beginning of 
the present century that our knowledge rd" the anatomy of the soft 
parts of the living animal has rendered any traidng of homologies 
possilde. In the case of features in fossil extinct types the interpre- 
tation must be to some extent doulitful. llarrande, Clarke, Jlavid- 
son, Hall, King, Oehlert, Waageii, de Verneuil, and a host of other 
workers have contributed to the information which we now possess ; 
and their w’orks must be consulted for details of the sulyect.^ 

* J. Barrande, Syst. Silnr. Bolumc^ vol. v. 1879. Hall and Clarke, IrdrotL Valaco- 
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Since all Brachiopods are inhabitants of the sea, the geologist 
at once recognises as a marine deposit any bed which contains 
their remains. . Under favourable conditions they swarmed in the 
seas of Palaeozoic and Mesozoic timea Beds of limestone are fre- 
quently almost entirely composed of their shells, as, for instance, 
some of the Devonian limestones of Bohemia. Often they give 
the facies to the fauna and outnumber in species and individuals 
all the other organisms of the period. The Ungulite Sandstone 
(Cambrian) of Bussia and the Productus Limestone of the Salt 
Bange in India of Carboniferous and Permian age are well-known 
examples. 

Many species seem to have been gregarious in habit; thus 
Trodwtm gigarUeus of the Carboniferous limestone may generally 
be found in crowded masses, as in some localities in Yorkshire. 

The fact that certain species of Brachiopods characterise 
definite stratigraphical horizons or “ zones ” gives them occasionally 
an importance equal to that of Graptolites ; for instance, the 
Ecardinate species Trevmtia corona marks a set of beds in the 
Ordovician, and the isolated Stringocephalus Burtini is restricted 
to the upper part of the Middle Devonian, giving to the lime- 
stone on ^ibat horizon its distinctive name. It is noteworthy also 
how certain species afibct a sandy and others a calcareous sea- 
bottom, so that beds of the same age show differences in their 
Brachiopod fauna owing to a dissimilar lithological composition. 

While few of the recent Brachiopods reach a large size, some 
of the extinct species measure several inches in breadth, but the 
great Prodwtua giganteua attained the width of even a foot. 

The bright colours of the shells of the living animals are 
not generally preserved amongst the fossil species from the older 
rocks; yet in a Carboniferous T&r^atvla we can even now 
detect the purple bands in some specimens, and a Cretaceous 
BhynehoTulla similarly exhibits its original colour. 

The Brachiopoda are evidently a group in its decline, as the 
geological record shows; but they date back from the earliest 
knoum fossiliferous rocks, in which the Ecardinate division 
is alone represented. As we ascend through the stratigraphical 
series the number and variety of genera and species belonging to 

soie. Brack. (PalaeotU. cfNmo York, 1892>1894). Davidson, Monogr. Brit. Foot. Bra^ 
(Falaeont. See. 18S1-1884). Waagen, Salt Bange FouUe {Mem. Oeol. Surv. India, 
1879-1886). 
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both divisions rapidly increase until- in the united Ordovician and 
Silurian there are nearly 2000 species and about 70 genera. 
From this point of maximum development down to the present 
day there is a gradual decrease in numbers. 

According to Davidson, at least 17 Upper Tertiary species are 
still living on our sea-bottoms ; and many recent Mediterranean 
forms occur in the Pliocene rocks of the islands and shores of that 
sea, and in the Crags of East Anglia. 

A brief review of the chief characteristics of fossil Brochio- 
poda is given below. Those genera which have the gr^test 
zoological or geological importance can alone be noticed owing 
to the exigencies of space. 


I. ECAEDINES 

External Characters 

A considerable diversity of external form is met with even in 
this division, from the limpet-like Discina to the flattened tongue- 
shaped Lingvla. The valves have most commonly a smooth 
external surface with delicate growth -lines; but sometimes 
pittings (Trematia) or radiating ribs (Crania) are present, and in 
a few form.s the shell is furnished with spines (Siphonotreta), 
which perhaps served to anchor it in the soft mud of the sea- 
bottom. The usual mode of fixation was by means of the pedicle 
( s=pedimcle or stalk), which either (1) passed out simply between 
the posterior gaping portion of the valves (Lingvia), or (2) lay 
in a slit in the ventral valve (Lingvldla), or (3)‘ pierced the sub- 
stance of the latter valve by a definite foramen (Biacina). The 
first-mentioned condition of the pedicle seems the most primitive. ' 
Earely the pedicle was absent, and the shell was attached by 
the whole surface of the ventral valve (Crania, p. 467). 

The two valves in the fossil Ecardines were held together by 
muscular action, though in some families (Trimerdlidm) we see 
traces of articulating processes. The " hinge line,” or line along 
which the valves worked as on a hinge, is in most forms more or 
less curved. A " hinge area ” (i.e. that portion of the shell gener- 
ally smoother than other ^rts of the valves, more or less tri- 
angular in form, and lying between the beaks on one or both 
sides of the hinge line), is usually absent in the Ecardinea 
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Internal Oharacters 


Owing to the rarity of well-preserved interiors of valves 
in this division, our knowledge of their internal characters is still 
far from satisfactory. The arrangement of the muscular impres- 
sions varies greatly amongst extinct genera, but we are often able 
to interpret them with a considerable amount of certainty by a 
study of the scars and the muscles of the well-known recent 
Lingula (Fig. 322). The extreme specialisation of the muscles in 
many of the earliest genera (e.g. Lingula) is remarkable, and points 
to a long but so far undiscovered ancestry in pre-Cambrian times.^ 
In fossil species of Crania and Lingula the muscle-scjirs correspond 

closely with those in the liv- 
ing representatives of these 
genera. In the most highly 
specialised family of the Ecar- 
dines — the Trimerellidae — 
we meet witli features of 
peculiar interest.^ The muscle- 
scars in this family (Fig. 
323, A, B) are most remark- 
able for the development of 
the so-called crescent,” (?• '*•«•) 
which skirts the posterior 
margin of both valves as a 
sub -cardinal impression. It 
is believed to be the trace 
of a strong post - parietal 
muscular wall, analogous in 
position to that of Lingula, The three pairs of “lateral” 
muscle -scars in the latter genus seem to be represented by 
the “ terminal ” (s) and “ lateral ” {r) scars on the crescent 



Fio. 322. — Muscle-scars of Lingyla anatina. 
Inner surface of A, Pedicle-valve or ventral 
valve. B, Brachial or dorsal valve ; 
parietal scar ; umboual muscle ; traiis- 
inedians ; c, centrals ; a,m,e^ laterals (a, 
aiiteriors ; middles ; e, externals). 


^ The results of the investigations of King (Ami, Mag, Nat, Hist, 4th scr. 
vol. xii. 1873) and of Brooks (ChesajKuke Zool. Lahoraiory^ Scientific Jlesults, p. 35, 
1879), and the simple nomenclature of these authors are hero followed in preference 
to those of others, owing to the diflerence of opinion amongst anatomists of the 
functions and homologies of the muscles. The lateral muscles enable the valves to 
move backwards and forwards on each other ; the centrals close the shell ; the urn- 
bonals open it ; and the transmedians allow' a sliding sideways movement of one 
valve aciOBs the other (see also p. 477). 

® Davidson and King, Qtiart, J<nir, Geol, Soc, xxx. (1874), p. 124. 
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of the Trivierellidm. A pair of “ transverse ” scars (<) occurs 
in each valve lietween the “terminals” and the antero- 
lateral edge of the "platform” {j). “Cardinal” (y), “sub- 
cardinal” (w), and "umbo-lateral” (a;) scars also occur. The 
median impression which covers the “ platform ” {j) consists of a 
central, lateral, and usually an anterior pair of scars ; and the 
impressions of the genital organs, according to Davidson and 
King, lie medianly posterior to the “ platform.” The “ platform ” 



Fia. 323. — Trimerella, (After Davidson and King). A, Inner surface of pedicle-valve or 
ventral valve : a, pseudo-deltidium ; 6, deltidial slope ; c, deltidial ridges ; areal 
borders ; cardinal callosities ; /, cardinal facet ; //, lozenge ; i, unibonal chambers 
separated by cardinal buttress ; j, platform ; k, platfonn vaults ; f, median plate ; 
median scars ; w, anterior scars ; o, lateral scars ; post-median scars ; q, crown 
crescent ; r, side or lateral crescent ; a, end or terminal crescent ; U transverse scars ; 
Uf archlet (vascular sinuses); w, sub-cardinal scars ; unibo-latyral scars. B, Brachial 
or dorsal valve : c, cardinal sockets ; y, platform ; A:, platform vaults ; 1, median 
plate ; w, median scars ; w, anterior scars ; crown crescent ; »*, side or lateral 
crescent ; a, end or terminal crescent ; U transverse scars ; w, archlet (vascular 
sinuses) ; % cardinal scars ; sub-cardinal scars. 


itself is a more or less conspicuous central calcareous elevated 
area occurring in each valve, but most developed in the dorsal ; 
in some cases it is double -chambered with tubular cavities 
idatfonn vaults,” Fig. 323, A, B, k), in others it is more or less 
solid. It appears to have originated through a posterior shifting 
of the central muscular bands, that they might he inserted Ijehind 
the liver ; at the same time a deposition of shelly material, to 
form fulcra to work the heavy valves, took place at these points. 
The tunnelling -out of the platform was probably due to the 



496 


FOSSIL BRACHIOPODA 


CHAP. 


continual pressure of the lobes of the liver. The division of the 
umbonal cavity into definite chambers in Monomerella, and to a 
less extent in other ineinlxTS of this family, appears, according 
to Davidson and King, to have been caused by pressure of the 
ovarian lobes. 

In connexion with the foregoing remarks on the developineiit 
of the “platform,” it may be mentioned that the j^aths along 
which the muscle-bands move, as the shell of Brachiopods increases 
in size, arc marked by elongated scars, and often by shelly 
deposits; and when the members of a muscle-pair come into 
juxtaposition these shelly deposits (whicli act as fulcra for tlie 
muscles) combine, and by the growth of the shell Ibrm a septum, 
as in the case of the median septum of Tjingulepis. 

The Oholidae show' some important features in the internal 
impressions. Oholella crassa (Hall) may be taken as a well- 
known type of the family. In this species a pair of small 
scars, one on each side of the pedicle-groove, lies close under the 
hinge line in the ventral valve. There is also a well-marked scar 
for the insertion of the pedicle-muscle at the eini of the pedicle- 
groove. A pair of much elongated latcial impressions extending 
forward^ from the “cardinals” may be honiologous with tlie 
“ laterals ” of Lingula ; and the two small ccmtral scars betw een 
them may be eompared with the “ centrals ” of Lmgula which 
are in a somewhat similar position. In the dorsal valve of 0, 
crassa a pair of “ cardinals ” is found, and on each side of a low 
median rounded ridge are two small “ central ” scars. Indistinct 
“ lateral ” scars arise close to or in the central area, and diverge 
anteriorly. 

Sometimes a great concentration of muscle - scars occurs 
round the foramen in the ventral valve, as in Siphonotreta, 

As regards the minute structure and composition of the shell 
in the Ecardiiies, we find that the Lingalidae and IMscinidae 
have their shell composed of alternating layers of phosphate of 
lime and a corneous substance ; the former layers are pierced by 
microscopic canals. The Craniidae have calcareous shells tra- 
versed by tubules, which divide into many fine branches near 
the external surface ; a thin periostracum covers the exterior. 
The Trimerellidae have heavy thick calcareous shells, for which 
they required the previously-described elaborate arrangement of 
muscles to open and shut them. 



XVIll 


TESTICARDINKS : EXTERNAL CHARACTERS 


497 


11.— TE8T1C AIM) I N K8 


External Characters 

It is to this division that the great majority of the Braehiu- 
poda belong ; and the diversity of form, of ornamentation, and 
of internal characters is coiTcspondingly greater than in the 
Ecardines. 

A transversely or longitudinally oval sliape of shell is tin? 
commonest ; but sometimes it is triangular, as in JRhynchovrlla 
(Fig. 327), or bilobed, as in l^ygoi^e ( = Tcrelmitula diphya). I'he 
ventral valve is usually more convex than the dorsal, and the 
former may be j)roloiiged into a tube by the accelerated growth 
and infolding of the anterior and lateral margins, producing a 
very abnormal form (Prohostyidella). ^J'he extei nal surface of the 
valves is frequently ornamented with more or less prominent 
radiating ribs ; and fine concentric growth -lines are commonly 
shown, and maybe developed into coarse ridges or wrinkles, 
particularly in old individuals. The members of the family Pm- 
ductiduc are usually furnished with tubular spines, which are some- 
times of groat length, and seiwcd to anchor the free shells in the 
mud, or were twisted round Oriiioid stems and similar ol»j(‘cts. 

Ill the ventral valve of many genera there is a median sinus, 
with a corresponding fold in the dorsal valve, and randy 'irire 
rersd ; sometimes tlic fold and sinus are double. 

The hinge line is either curved or straight, and the valves 
are articulated by means of a pair of ‘‘ hinge- teeth ” (Fig. 321), t) 
in the ventral valve, which fit into coriesponding- sockets in the 
opposite valve. Some genera have the teeth v.eiy rudimcntaiy, 
or have lost them altogether. Tha tiK^th ai*c frequently sup- 
porttMl by “ dental plates,” and the soc^kets by “ socket plates ” 
(e.g. Conchidiuyn, Figs. 324, 32")). A few genera with a long 
hinge line have the W’hole of it denticulated {Stropheodonta). In 
the dorsal valve medianly close under the hinge line is a shelly 
protuberance- the ‘'cardinal process” — to which the diductoi* 
muscles are attached. It is sometimes of great length and 
forked (Stringocephalus, Fig. 326), or tripartite, or even quadri- 
partite ; but in Bhynchonella and some other genera it is rudi- 
mentary. 

VOL. Ill 2 K 



498 FOSSIL BRACHIOPODA ' . . fitAP. 


A “ hinge area ’’ (Fig. 334, c.a) is oi^n present on one or both 
valves, and may be of great size, as in Clitambonites, but in 
Prodwtiis it is wholly absent. In those genera that possess ib a 
triangular fissure — the “deltidial fissure” — frequently traverses 



Fig. 32 k — Conchidlmi gaUatum, 
Weulbck Limecitoue. 



Fig. 325 . — Cmchidium galeatum. 
Transverse section, d, Dor- 
sal valve ; d,s, doraal septum ; 
jt, socket plate ; v, ventral 
valve ; ventral septum ; 
d.£t dental plate. 


it on both valves ; in the doj’sal valve the fissure is merely the 
space between the dental sockets, and may be occupied by the 
cardinal process (Fig. 334, C) or covered by a shelly plate — the 
“ chilidium.” In the ventral valve it gives passage to the pedicle. 



Fig. 326. — Stringoaphalua Burtini, (Modified from Woodward.) Devonian. A, Interior 
of dorsal vdve. B, Side view of interior of shell ; a, adductor (=occlusor} scars ; 
V c, crura; c.p, cardinal process; (f.s, dorsal septum ; hinge plate ; k brachial 
loop ; apf shelly processes ; t,a, dental sockets ; v.s, ventnil septum. ^ 

and may be partly or entirely closed by a similar plate (Fig. 
334, d) known as the “ pseudo-deltidium,” especially large in 
Clitambonites, or remain open (Orthis). This pseudo-deltidium 
is a primitive character, and arises in an early stage of the 
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development as a shell-growth on the dorsal side of the animal, 
becoming attached to the ventral valve subsequently. The pedicle 
ih many genera passes out through a special foramen in the beak 
of the central v^ve ; and its proximal portion is often embraced 
by a pair of small plates — the deltidial plates or “ deltidimn ” 
— which are formed on lateral extensions of the ventral mantle 
lobe, according to Beecher. These plates lie on each side of the 
pedicle, or grow round and unite in front of it (Rhynchonella, 
Fig. 327), or constitute merely its anterior border (Terebratnla, 
Fig. 328). In some cases this foramen becomes closed in cdd age. 

The dorsal valve in a few coses has its beak perforated by a 





Fio. 327. — Rhi/nchonella Rouetu 
(Cornbra.sli.) Deltidimn ; 
/ foramen. 



Flo. 328 . — Terehratula sella. 
(Lower Greensand.) d, 
Dellidiuiii ; /, foramen. 


foramen — the “ visceral foramen.” This foramen is in no way 
connected with the pedicle foramen, but points perhaps to the 
existence in the early Testienrdinate genera of an anal aper- 
ture. In Athyris coneenirica (Devonian) tJiis foramen is connected 
internally with a cylindrical tulje, which e.\teads longitudinally 
to about one-third the length of the valve. • In Ce^iironella the 
aperture in the cardinal plate is rounded alid complete ; and in 
Strophomena and its allies the o^tening lies between the cardinal 
processes. If this feature is correctly interpreted, it suggests a 
retrogression of the group since Palaeozoic times not only in 
numbers, but in structure ; and other evidence points the same 
way. 

t 

Internal Oharactera 


The interior of the shell is sometimes more or less divided up 
by septa. A median septum occurs in one or both valves of 
many genera as a low ridge or strongly developed xmrtition ( Wald- 
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heimia, Fig. 329, ss; and Stringocephalus, Fig. 326, B, r. 5 ). Con- 
chidium (Fig. 325) has its dental plates of great size, and unit- 
ing to form a V-shaped chamber or " spondylium,” supported by a 
median double septum ; and by means of these with a pair of septa 
and the large socket-plates in the dorsal valve the interior of 
the shell of this genus is divided up into several chambers. 

The interiors of several other genera are somewhat similarly 
divided up. 

Ill the Carboniferous genus Syringothyris two special plates, 
situated between the dental plates, are rolled into an incomplete 
tube, so as to enclose probably the anal extremity of the ali- 
mentary canal ; and in several genera a sub-urabonal “ cardinal 



Fio. S29. — WcUdhHmia(MageUania)Jlave8ce7is, A, Interior of ventral valve : a, adductor 
Bears ; v,a, ventral adjustors ; d, divaricators ; a.d, accessory divaricators ; peduii< 
cular muscle ; dm, deltidiuiii ; f, foramen ; t, teeth. B, interior of dorsal valve : 
a.a, anterior adductor (occlusor) scars; a,p, iwsterior adductor (occlusor) scars; 
c.p, cardinal process ; cr, crura ; d,8, dental sockets ; hp, hinge-plate ; I, brachial 
loop; septum. (After Davidsou.) 

plate ” is present, which is perforated {Athyris) or slit in some 
cases for the passage of the anal tube. 

For the support of the fleshy “ spiral arms ” the calcareous 
structures forming the “ brachial apparatus " are of two main 
types — (1) the loop type; (2) the spiral-cone type. In the 
Strophomenidae no special calcareous support seems to have been 
usi^ly present (Fig. 334), though in some species of Leptciena 
spirally-grooved elevated areas supported the fleshy arms ; in the 
Productidae it is probable that the ridges enclosing the “ reni- 
form impressions " (Fig. 333, served for a similar purposa 
The Terebraivlidae show the “ loop type ” of brachial appa- 
ratus. In Waldheimia (Fig. 329), which may be taken as an 
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example, we notice first in the dorsal valve the ‘'crura” (cr), 
from which arise the two "descending branches” which run 
forwards and then are bent back to form the "ascending 
branches ” which are united by the “ transverse Imnd.” In some 
genera the " ascending branches ” may be reduced to mere points, 
and the " transverse band ” become a median vertical plate ; the 
" crura,” too, may be fused so as to form a " crural band ” ; and 
the " descending branches ” may be connected by a cross band — 
the "jugal band.” In Stringoeephahis (Fig. 32G, /, s.p) the loop 
is furnished on its inner edge with radiating processes; and 
in Argiope the loop is simj)le, not reflected, and fused with 
marginal septa ; while in the Thecidiidae it is more or less fused 
with the shell itself, and with the mass of calcareous spicules 
secreted by the mantle. 

The " sj)iral-cone type ” of brachial apparatus is found in tlie 
Spmferidae, Atrypidae, and Koninckinidac, and consists of two 
spirally-enrolled ciilcified lamellae, forming two cones with their 
apices directed laterally (Spirifera, Fig. 330), or towards the 
interior of the dorsal valve {Atrypa, Fig. 332), or towards 
each other {Glassia)] or forming two flat spirals in the same 
plane {Koninckhiidae), A "jugal band ” is generally pi*esent, but 
varies much in position, 
and in some genera has 
complicated posterior pro- 
cesses. 

The Bhynclionellidae 
have no loop or spiral 
cones, but merely a pair 
of short " crura.” 

The principal modifi- 
cations in the attachments 
of the muscles in the 
TesticardiTicB are illustrated by ProdmtuB giganteus (Fig. 333), 
Leptaena rhomhoidalis (Fig, 334), and Waldheimia Jlavescens 
(Fig. 329). 

In Prodwtn* (Fig. 333) we see in the ventral valve a pair of 
dendritic occlusor, often called adductor, impressions and a ]^)air 
of large flabellate divaricator impressions. In the dorsal valve the 
large " cardinal process ” served for the attachment of the divari- 
cator, and a low median septum separated the dendritic occlusor 



Fio. 330 . — Spirifera atriala. (Carboniferous Lime- 
stone. ) Showing brachial spires. 
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. coara, which are rarely divisible into anterior and posterior 
pail's. 

Iw 'Leptaena (Fig. 334) the occlusor scars (a) in the ventral 



Fio. 331 . — Atrypa reticu- Fro. 332.— Interior of the same, seen 

laris, (Wenlock Lime- from the dorsal side, sliowitig 

stone.) brachial spires. (After Hall.) 

valve are narrow and median, and are enclosed by a pair of 
flabelliform divaricator impressions {d,v) ; in the dorsal valve two 
pairs of occlusor scars {a,a, p,a) are well marked, and accessory 
posterior occlusor scars are traceable in some specimens. The 



Fio. 833. — Prodticttts giganteus, (After Woodward.) Carboniferous Limestone. A, 
Interior of dorsal valve. B, Interior of ventral valve. C, Transverse section of valves. 
B, Hinge line of A: a, occlusor scars ; tf, divaricator scars ; t, **reuiform impres- 
sions " ; CO, cardinal process : A, hinge line ; pt brachial prominence ; a, cavity 
for spiral arms ; do, dorsal valve y tv, ventral valve. 

vascular sinui^ {v,s) and genital areas are conspicuous in many 
species of this and other genera. 

In WoXdheimimSJSi^. 3 29) a sub-umbonal peduncular muscle 
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scar (jp) iu the ventral valve has before it a pair of “ accessory 
divaricator ” scars (a.d) flanked by a pair of “ ventral adjustor ” 
(v.a) and a pair of “ divaricator ” impressions (rf), betwMU Vhich 
lie the two occlusor scars (a). In the dorsal valve anterior and 
posterior pairs of occlusor scars (o.a, a.p) are visible. 

The minute structure of the calcareous shell of the Testi- 
cardines is of flattened fibrous prisms inclined at a very acute 






1 

: 




Fiq. 334.— rhomboidalis, (Silurian.) 
A, External view of ventral valve. B« In* 
terior of ventral valve : a, occlusor soars ; 
£f, pseudo-deltidiuni ; d,v^ divaricator scars ; 
c.a, hinge area ; ^ teeth. C, Interior of 
dorsal valve : a. a, anterior occlusor scars ; 
^ jt>.a, posterior oc 

“ -pA OA clusor scars ; c.n, 

'' hinge area ; c.p, car- 
dinal process ; d, 

chilidiuni ; s, dental 
sockets ; v.a^ vascu- 
lar sinuses. 


angle to the surfaces. In many forms minute tubes more or 
less closely arranged pierce through the fibrous shell-substance ; 
but in some genera (Froductus) they do not reach the outer 
surface (see p. 468). Allied genera, however, differ much in the 
punctate or impunctate character of the shell. 


Synopsis of Famiues 

I. Ecabdznes 
Family : Lingulidae 

Shell elongated, composed of alternating chitinous and calcareous layers, 
the latter of which are perforated. Attach^ by a pedicle passing between 
apices of valves. 

Arms have no calcified supporta 
(For muscles see Fig. 322.) 

Range, — Lower Cambrian- to Recent. 

Pbincipal Genera. — Lingula^ lAnguklla^ LingvU]^, 



504 


FOSSIL BRACHIOPODA 


CHAP. 


Family : Obolidae 

Shell varies in shape. Ventral valve provided with pedicular groove 
or foramen. Cardinal border thickened. No brachial supports. Shell 
composed of alternating chitinous and calcai'eous layera 

(For muscles see p. 496.) 

Raxge. — Lower Cambrian to Devonian. 

PniNOiPAL Genera. — Obolus^ Oholella^ Kutorgina^ Linnarssonia^ Siphono- 
treta^ Acrotreta, Neobolua, 

Family : Dismiidae 

Shell rounded, valves more or less conical, fixed by pedicle passing 
through slit or tubular foramen in ventral valve. No calcified brachial 
supports. Shell structure chitino-calcareous. 

Range. — Ordovician to Recent. 

Principal Genera. — Discina, Orhimloidea^ Trematis, 

Family : Craniidae 

Shell calcareous, subcircular ; fixed by surface of ventral valve ; dorsal 
valve the larger, depressed^conical. Shell structure punctate. 

Four principal muscular scars in each valve, with central triangular pro- 
tubemnce in ventral valve (see p. 476). 

Range. — Ordovician to Recent. 

Principal Genus. — Grania, 

^ Family: Trimerellidae 

Shell thick, calcareous, inequivalve; beak of ventral valve usually 
prominent ; rudimentary teeth may be present ; hinge area well developed, 
with pseudo-deltidiuin. In interior of valves muscular platform, ** crescent,” 
and sometimes sub-umbonal chambers (see p. 494, Fig. 323). 

Range. — Ordovician and Silurian ; maximum in Wenlock. 

Principal Genera. — Trimerella^ MonomereUa, Dinobolua^ Ehinobolus, 


II. Testicardines 
Family: Productidae 

Shell entirely free, or fixed by ventral valve or spines. Concavo-convex, 
more or less covered with tubular spines. Hinge line straight Hinge-cuetli 
absent or rudimentary. 

Cardinal process prominent 

Reniform impressions in dorsal valve. 

(For muscular impressions see p. 501, Fig. 333.) 

Range.— Silurian * to Permian. Genus Produeltu very characteristic of 
the Carboniferous. 

Principal Genera. — Productu$f OhoruUs, StropJudaaiay Proboacidellaf 
AuloBt^ea* 
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Family : Stivphomenidae 

Shell very vamble in shape ; concavo-convex, plano-convex, or biconvex ; 
hinge line usually straight ; frequently with an area on each valve ; foramen 
may or may not be present Shell structure near always punctate. Ventral 
valve usually furnished with hinge-teeth ; and dorsal valve with cardinal 
process. 

Brachial supports completely absent or very rudimentary. 

(For muscular impressions see p. 602, Fig. 334.) 

Range. — ^Wholly Palaeozoic. 

Principal Genera. — Orthia with many sub -genera, ClUcmbonitea^ 
Skenidiurihj Strophomena^ Ortf^theteSf Leptaena^ Stropheodonta^ Pleetarnbonitea, 

Family: Koninehinidas 

Shell plano-convex or concavo-convex. Brachial apparatus composed of 
two lamellae spirally enrolled in the same plane, or in the form of depressed 
cones, with the apices directed into the ventral valve. 

Range. — Silurian to Lias. 

Principal Genera. — Koninckiria^ KoninckeUa^ Coeloapira^ Davidsonta, 
Family: Spiriferidae 

Shell biconvex. Brachial apparatus consisting essentially of two descend- 
ing calcareous lamellae which by spiral enrolment form a pair of laterally- 
directed cones (Fig. 330). 

Range. — C hiefiy Palaeozoic, but a few forms pass up into the Lias. 

Principal Genera. — Spvrifera^ Cyrtia, Uncitea^ Athyria^ Mariata. 

Family: Atrypidae 

Brachial apparatus consists of two descending calcareous lamellae which 
bend outwards at the extremity of the crura and are coiled into two spiral 
cones, the apices of which either converge towards each other (Olaaaia) oi 
towai^s the dorsal valve {Atrypa, Fig. 332), or divergef towards the dorsal 
valve (Dayia) ; shell structure impunctate. 

Range. — Ordovician to Trias. 

Principal Genera. — Atrypa, Dayia^ GUuaia. 

Family : Rhynchonellidae 

Shell biconvex, hinge line usually curved. 

Beak of ventral valve incurved, with foramen. 

Calcareous brachial supports reduced to a pair of short curved crura. 

The septa, dental and socket plates may he highly developed and divide 
up the cavity of the shell into chambers {StenoehiamOf CtmMdium), 

Shell structure fibrous, rarely punctate ; muscular impressions os in 
Terebratulidae. 

Range. — Ordovician to Recent : majority of the genera are Palaeozoic. 

Principal Genera. — Rhynchcndla (Fig. 327) SUnochiamOf StriMandia^ 
Cimehidium. 
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Family : Terebratulidae 

Shell structure punctate. 

Arms supported by a calcareous loop, usually bent back on itself. 

(For muscular impressions see p. 502, Figs. 328, 329.) 

Beak of ventral valve perforated by foramen, furnished with deltidium. 

Range. — Devonian to Recent ; maximum development in Mesozoic times. 

Principal Qeneua. — Terehratula, Terehratulina, Wald^eimia, Terehratella, 
Kingencb, Magas^ Gentronella. 

Family : Argiojf^idae. 

Large foramen for passage of pedicle. Marginal septa present in both 
valves. Calcareous brachial loop follows margin of shell and is more or less 
fused with the septa. Shell structure punctate. 

Range. — Jurassic to Recent 

Principal Genera. — Argiope, Cistella. 

Family : Slringocephalidae 

Shell subcircular, punctate. Cardinal process highly developed, bifid. 
Brachial apparatus composed of two calcareous free lamellae, prolonged at 
first downwards, then bent back, upwards and outwards to run parallel to 
margin of shell and to unite in fronts thus constituting a wide loop. 

Range. — Silurian and Devonian. 

Sole Genus. — Stringocephalvff. 

Family : Thecidiidae 

Shdl usually fixed by beak of ventral valve, plano-convex. Sub-cardinal 
apophysi^ in ventral valve for attachment of occlusors.. Marginal septa in 
dorsal valve. Calcareous brachial loop more or less fused with shell, and 
with calcareous spicules of mantle. Shell structure : inner layer fibrous, 
outer layer tubulated. 

Range. — Carboniferous to Recent 

Principal Genera. — Thecidiumj (Jldhamina, 


Stratigraphioal Distribution of Brachiopoda 

It is remarkable that some of the earliest types of Brachiopoda 
exist generically unchanged at the present day. Such are Lingvia, 
ranging from the Cambrian ; Diacina, and Crania, ranging from 
the Ordovician ; and amongst the hinged forms Terehratvla from 
the Devonian, and Bhynchoruila from the Ordovician. 

In the lowest Cambrian (Olenellus beds) the most important 
genera are Idnnarmnia and Kutorgina. The hinged forms 
appear in the Cambrian, being represented by Orthis; but the 
majority in this formation belong to the Ecardines. Lingvia, 
Idngvlella, and Obolella are characteristic. 

In the Ordovician many new genera of the Testicardines 
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make their appearance, such as Strophomena, Leptaetia, Atrypa, 
Bhynehonella, Clitamhonites, eta, but the extraordinary abundance 
and variety of Orthis is most remarkable. The Ecardines are 
reinforced by such forms as Trematis and Siphonotreta. It is, 
however, in the Silurian that the Testicardinate Brachiopoda 
attain their maximum, for in addition to a great development of 
species amongst the older forms, a host of new genera for the 
first time occur here (Spirifera, Athyria, Conchidium, StricMandia, 
Chomtea, Cyrtia, etc-.) ; and the Trimerellidae are especially 
characteristic of the Wenlock. 

With the commencement of Devonian times many species and 
genera become extinct, but new forms come in (^Terehratula, 
Orthothetea, Produetua, etc.), and some genera are wholly confined 
to this formation ( Uneitea, Strinyoeephalua). The Carboniferous is 
marked by the maximum development of Prodwtua and Spirifera; 
Orthothetea, Stenoehiama, and Athyria are also abundant, but there 
is a considerable extinction of the older genera and species, and a 
great diminution in the number of individuals and species of 
those that persist. 

A further reduction occurs in the Permian, where the most 
important genera are Produetua, Strophaloaia, and Stenoehiama; 
but Auloategea is a new form peculiar to tliis period. In the 
Trias a new era commences ; the principal families and genera 
of the older rocks disappear entirely ; a few spire-bearing genera 
persist (Spiri/erina, Athyria), and the genus Koninekina is 
restricted to this formation. 

The enormous development of species of the Terehratulidae 
and Bhyrushondlidae is the most noticeable future in Jurassic 
times; and a few ancient types linger on into the Lias (Spiri- 
farina, Sueaaia, a sub-genus of Spirifera ) ; Koninekella here occurs. 

The Cretaceous Brachiopoda are closely allied to the Jurassic ; 
Magaa and Lyra are peculiar to the period, and the Terehrcttviidae 
and Bhynehonellidae are very abundant, together with the 
Ecardinate genus Crania. 

With the commencement of Tertiary times the Brachiopoda 
have lost their geological importance, and have dwindled down 
into an insignificant proportion of the whole Invertebrate &una. 

The distribution of the Brachiopoda in past time is shown 
in the following table : — 



Falaeozolo 


Mesozoic 


Ecabdines 

Lingulidae Lingula . . 

Liiigulella . 
Obolidae Oboliis . . 

Obolella . . 

Kutorgina . 
Linnarssonia 
Trcmatifl . 
Siphonotreta 
Acrotreta . 
Discinidao Discina . . 

Craniidao Crania . . 

Trimerellidae Trimerella . 

Diiiobolua . 

Testicabdinks 


i Productidae 


Strophomenidae 


Kouinckinidae 

Spiriferidae 


f Atrypidae 


Rhynchonellidao 


Terebratulidae 


Argiopidae 

Stringoceplu 

Tkecidiidae 


Productus . 
Choiiotes . 
Strophalosia 
Orthis . . 

Skenidium . 
Clitambonitcs 
Strophoinena 
Stropheodonta 
Leptaena . 
Orthothetea 
Davidaonia . 
Koninckina . 
Koninckella 
Spirifera . . 
fipiriferina . 
Cyi'tia . . 
Syringothyria 
Uncitea . . 

Ath^ris . . 
Merista . . 
Retzia . . 

Atrypa . . 

Dayia . . 
Coeloanira . 
Rhyncnonella 
Stenochiama 
Strioklandia 
Conchidium 
Terebratula . 
Torebratulina 
Waldheimia 
Terebratella 
Kingena . . 
Magaa . . 
Centronella 


Giatella . 
Strittg^pl 
Theci^um 
Oldhamina 



Cretaceous 
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PHYLOGENY AND ONTOGENY 

Wherever successive stages in the life history of an individual 
resemble in important anatomical features the adult individuals 
of other species occurring in successive members of a strati- 
graphical series, the development of the individual may be 
regarded as an epitome of the development of the species; it 
also generally throws light on the origin and relationships of 
allied genera and families. 

In the case of the fossil Brachiopoda comparatively little 
work has yet been done in tracing their ontogeny or phylogeny, 
though the abundance, variety, and excellent state of preserva- 
tion of the extinct species offer a promising field for investiga- 
tion. It is to Dr. C. E. Beecher and other recent American 
palaeontologists that we owe our advance in this branch of the 
subject. 

In the first place, in about forty genera, representing nearly 
all the leading families of the group, the important fact has been 
established of the presence of a common form of embryonic shell, 
termed the “ protegulum,” which is “ semicircular or semielliptical 
in shape with a straight or arcuate hinge line and no hinge 
area ” (Beecher).^ Its minute size and delicate texture cause its 
preservation to be rare, but its impression is not uncommonly 
left on the beak of the adult shell. 

The main features of this embryonic shell are exhibited in the 
adult Lower Cambrian Brachiopod Obolus (Kutorgina) loihrad&ric'M 
(Billings) ; the sub-equal semielliptical valves have lines of growth 
running concentrically and parallel to the margin of the shell, 
and en^ng abruptly against the straight hinge line ; and this 
indicates that there has been no change in the outline and 
proportions of the shell during its stages of growth, but only a 
general increase in size. It is very significant that we have 
here a mature type possessing the common embryonic characters 
of a host of widely separated genera, and we may therefore regard 
it as the most primitive form known. 

Many genera pass through this so-called “ Paterina ” stage 
either in the case of both their valves, or more generally in the 
nai^ of the dorsal valve only ; but modifications in the form of 
the protegulum arise, which are due to the influence of accelerated 
* Amer. Jowr. Sdmee, 1890-1898. 
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growth, by which features belonging to later stages become 
impressed on the early embryonic shell. The most variable and 
specialised valve — ^the ventral or pedicle valve — naturally ex- 
hibits the effect of this influence first and to the greatest 
extent. The Palaeozoic adult forms of many species represent 
various pre-adult stages of the Mesozoic, Tertiary, and Eecent 
species, as is especially well shown in the genera Orhiculoidea and 
Biscinisca, 

In the Strophomenoid shells the protegiilum in the dorsal 
valve is usually normal, but in the ventral valve abbreviation 
of the hinge and curvature of the hinge line are produced by 
acceleration of the “ Discinoid stage ” in which a pedicle notch 
is present. 

No marked variation has yet been noticed in the spire-bearing, 
or Terebratuloid, or Ehynchonelloid genera. 

The form of the shell and the amount of difference in shape 
and size of the valves seem to be largely due to the length of the 
pedicle and its inclination to the axis of the body, as evidenced 
by the development of Terebratulina. A series showing progressive 
dissimilarity of the two valves arising from these causes can be 
traced from Lingula to Crania. The greater alteration that takes 
place in the ventral valve appears to be due to its position as 
lower and attached valve. If the pedicle is short a transversely- 
expanded shell with long hinge line results when the plane of 
the valves is vertical or ascending, but when the latter is hori- 
zontal a Discinoid form is found. This mode of attachment is 
often accompanied by a more or less plainly developed radial 
symmetry. Shells with long pedicles, on the other hand, are 
usually longer than wide. 

The character of the pedicle-opening is of great significance 
from an evolutional and classificatory point of view, for the suc- 
cessive stages through which it passes in embryonic growth are 
chronologically parallelled by different genera, and are likewise 
-accompanied by the successive acquisition of other important 
anatomical characters, as has been shown by Beecher and others. 
The first and simplest type of pedicle opening is in shells with a 
posterior gaping of the vtilves, where the pedicle protrudes freely 
between them in a line with the axis, and the opening is shared 
by both valves, though generally to a greater extent by the ven- 
tral valve. Paterina ( = Obolus labradoricus) and Lingula furnish 
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examples of this type. In the second type the pedicle opening is re- 
stricted to the ventral valve, and the direction of the pedicle makes 
a right angle with the plane of the valves ; in the lower forms 
the pedicle lies in a slit or sinus {Trematida^y but by further 
specialisation it becomes enclosed by shell growth so as to lie 
within the periphery, and finally becomes subcentral in some 
genera {Discinidae), The third type shows the pedicle opening 
confined to the ventral valve and submarginal. A pseudo-delti- 
dium may preserve the original opening (Clitamhonites) ; or this 
shelly plate may become worn aWay or reabsorbed in the adult so 
that the deltidial fissure through which the pedicle passes 
remains quite open (Orthidae). In the fourth type the incipient 
stage marks a return to the simple conditions of the first type ; 
but ultimately a pair of deltidial plates develop, and may com- 
pletely limit the pedicle opening below. Examples of this type are 
Spiri/era and Ithynchonella. By means of these four types the 
Brachiopods have been divided into four Orders : the Atremata 
(type i.) ; the Neotremata (type ii.) ; the Protremata (type iii.) ; 
and the Telotremata (type iv.). 

The Telotremata were the last to appear, but the four types of 
pedicle -opening with the various forms of calcareous brachial 
apparatus were in existence in the Bala period of the Ordovician. 

As Paterina is the most primitive form of all, we may place it 
at the root of the phylogenetic tree. From it sprang the Atrematay 
which gave off tlie Neotremata and Protremata ; the most primi- 
tive Neotremata seem to be the Treinatidae, while the connecting 
link between the Protremata and Atremata is furnished by the 
Kutorginidae, From the genus Gonchidium* and its allies we 
may see how the Rhynehonellidae ushered, in the Telotremata as 
an offshoot from the Protremata. The Telotremata subsequently 
gave off two main branches, which became specialised with the 
loop-bearing and spire-bearing forms respectively. 

The evolution and mutual relationships of genera have been 
indicated with much probability by Hall, Clarke, and others^. 
The Obolelloid type may be connected with the Linguloid by 
means of Lingulella and Lingulepis, while in Lingvla itself we 
find the point of divergence for the ancestors of Trimerellay and 
for a line of variation culminating in Dignomia. The T^alaeo- 
zoic Ehynchonelloids branched off at an early period from the 
same stock as OrthiSy and are connecting links between this 
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genus and Mesozoic Ehynchonellae ; and a whole series of genera 
exhibit intermediate .stages of structure between the Ehyn- 
chonelloid and Pentameroid groupa The Terebratuloids can be 
traced, back to the primitive type Benssodlaria ; and amongst 
spire-bearing forms, the protean genus Spirif&ra can be split up 
into groups of species which diverge along Unes tending to forms 
no longer congeneric. When we come to deal with specific 
differences we find frequently such a host of intermediate varieties 
that the separation of many species, as in the case of Mesozoic 
Terebratulae, is to a large extent arbitrary and artificial. 
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Abralia, 391 

Absorption of internal portions of shell, 
259 

Abyssal Mollusea, 374 
Acanthinttla^ 441 
Acanihocercut, 399 
Acanthoehiton, 403, 433 
Acanttiodoris, 4^4 
Acanthoplmra, 403 ; eyes, 188 
Acavua, 308, 804, 335, 441 
Aeera, 245, 430 

Achatina, 278, 328-837, 883, 44^, 443 ; 
jaw, 211 ; food, 33 ; size of egg, 124 ; 
A,fulica, 279 

AchatineUa, 278, 328, 327, 443 ; radula, 
284 ; musical sounds, 51 
Acfubtindloides, 332 
Adcula, 287, 296, 414 
Acmaea, 403 \ radula, 227 
Acme, 4^4 
Acm^Ma, 314, 413 
Aeroptychia, 336, 414 
Acrotreta, 504, 508 

AeUmm, 250, 427, 428, 420 n^nla, 217, 
230 ; streptoneurous, 203 n. 

ActtieoneUa, 430 
Actaeonia, 433 
Actaeonina, 250, 429 
, Actinoceras, fl94 
ActinodonUi, 447 
Acfista, 306, 316, 318, 441 
Adacna, 12, 297, 433 
Adalaria, 434 

AdamaieiUa, 414 ^ ^ 

Addiaonia, 412 
Adetphocema, 393 
AdeSrtia, 413 ^ 

Admete, 4^ > 

Aegirea, 434 
Aegiakt, 305, 316, 441 
Aegoceraa, 3^8 

VOL. Ill 


Aeolia, 10, 102, 432; radula, 2\7, 
220 ; stin^ng cells, 65 ; * mimicked 
by Sugartia, 68 ; waming coloration, 
72 

Aerope, 328, 333, 440 ; radula, 215 ; 

habits, 54 ‘ 

Aestivation, 25 

Aetheria, 328-336, 432 ; variation, 92 

AfricarUni, 833, 440 

Agarmiiitf 420 

Age of snaUs, 89 

Aglossa, 7 ^ 

Agnatha, habits, 51 
Akiodoria, 434 
Alabtt, 413 
Alariii, 413 
Alanop^, 420 
Alhfirala, 320 
Albino varieties, 87 
Almdia, 348*351, 410 
AUleviti, 432 4 

Alexia, 439 
Alicia, isST 

AUognathu^. JUl 

Allopagm, 4S2 
AlloposMae; 384' 

Alvan/ia, %13 

Alycaeua, 266, 302 f., 809, 9X9^414 
Amalia, 440 i 

Amaltkiaa,t% 

AmaUktua, 39o 
Amaatra, 443 
Amaura,411 
AmberUya, 409 

Ambckychia, 440 * . ■ ' • ' \ 

Amicula, 40fi f* ' 

AmmmiUa, 247 , 893", 393 , 398 \ sutiuis, 
308 : aptychus, 307; 

Ammonoldea, 596 f. 

Amnicdkl, 325, 4l3 
Amaria, radula, 222 * ' ' 

2 L 
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AmpeliUit 335, 442 

Aviphifmla, 10, 18 , 4^9 ; breathing, 151 ; 
radiila, 236 

A mphibulimus^ 352, 44^ \ radiila, 233 
Amphidnxa^ 358 

AmphidrvmuSf 301, 305, 317, 310 , 359, 
44^ ; radula, 233 

Ampliineura, 8, -^00 ; breathing organs, 
154, 168 ; nervous system, 203; geni- 
talia, 145 
A mpdiipcplmt 4^9 
Amphiperasy -^ 2.9 
A mphisphyray 4^0 

Awphisscty 4^2 

A mph i t ret us, 383 

AuipullimUy 17, 4^^ ; self-burial, 42 ; 
spa^yn, 128 ; breathing organs, 151, 
108 ; jaws, 212 ; shell, 249 , 263 ; oper- 
culum, 268 ; distribution, 294, 320, 
322, 343, 359 
Ampnlhtrimty 302, 439 
AwpuUinay 
A mussium, 450 
Amijrhi^ 423 
Awdnithron^ 42-5 
Atmchisy 4 23 
AnadmuSy 24, 44t 
Anal glands, 241 
Anal siphon, 164, 173 

A nastmnopsisy 442 

Anniimiy 274, 275, 459 
Anatinacea, Jt58 \ gills, 167 

AuanJv.8y 4^4 

Anchistomdy 293, 296 
Audlla, 267, 426 
AncUHna, 426 
A ncistrtH'hiniSy 391 
Ancistnnuesusy 405 
A ucistrnfeuthisy 391 

Anruluy 434 ; radula, 229, 230 ; warning 
coloration, 72 
A urulotusy ^/7 

AmnjUtccraSy 247, 59.9 
AnryluSy 19,^59; breathing, 162 ; hiber- 
nating, 27 ; radula, 236 
Aneitm, 325, 443 
Ang^ilrnnUy 340, .^i7 
A n isiH^a rdiu, 451 

AnodouiUy 259, 341,. shower of, 47 ; 
variation, 92 ; Olochidimny 147 ; gill, 
167 ; otocyst, 197 ; nervous system, 
206 ; hinge, 274 ; A. anatinay 24 ; dis- 
tribution, 282 
A nmimitojunsy 451 
AnotjlypUi, 325, 441- 

Ammiay 257 , 443^ 464 ; intestine, 241 ; 

byssus hole, 262 ; hearing, 196 
Auomiacea, 44^ 

Anoplophora, 451 

Anmtomdy 248 , 266, 356, 358, 442 ; aper- 
ture, 63 

Anthracosiay 451 


A mmiy 424 
Anus, 209, 241 
Apem, 384, 440 
Aperostumfiy 344, 414 
AphanotrochiiSy 4O8 
AphelmloriSy radula, 230 
Apicalid, 422 

Aplacophora, 9, 404 > radula, 228 
AplectUy 354, ^^9 

Apliistrumy 246, 428, 430 ; radula, 230 
AplysUi, 245, 428, 431 ; stomach, 239 ; 

purple fluid, 65 
Aplysimdetiy 430 
Aporrhaisy 4^8 \ radula, 215 
Airtkardiit, 455 
Aptychus, 397 
Aptyxldla, 417 
Ajjtyxisy 424 

Aral Sea, Limudca from near, 84 ; Car- 
diuiu from, 91 

ArcUy 14, 171 , 273, 448 ^ eyes, 191 
Arcaeea, 448 

Arcachon, oyster-parks at, 105 
AixeMeSy 397 

A rchidorisy 434, 434 \ protective colora- 
tion, 73 

ArehiteuthUy 378, 390, 599; sucker, 381 
A ramiyay 458 
Arcomiidy 307, 452 
Arctic shells, colour of, 86 
A rcuellay 422 

A rgiopcy 470, 472, 479, 487 ; parasite of, 
485 ; distribution, 486 ; fossil, 501, 599, 
508 

Argiopidae, 599, 508 
.1 ryd} ucci n u m , 420 

AryvuuulUy 383, 383 'y egg-laying, 127; 

bectocotylised arm, 137 ; radula, 236 
Aruna, 413 

AriidmaXy 441 i 341 ; radula, 233 
A rhmy 440 ; shell, 175, 245, 246 ; hardier 
than IletiXy 24 ; voracity, 30 f. ; egg- 
laying, 42 f. ; protective coloration, 70 ; 
pulmonary orihee, 160 ; food, 179 : 
smell, 193 f. ; radula, 233 ; distribution, 
285 

Arirndtiy 341, 353, 441 
Ariophanta, 301, 308, 309, 316, 440 ; pro- 
tective coloration, 70 

Aristotle, on modified arm of polypus, 138 

Artemisy 454 

A rthm'ia, 403 

AmphiSy 456 

AscixentSy 394 
Ascoglossa, 11 n., 431 
Ashford, C., on pulsations of heart in 
Hdlxy 26 ; on homing of Helix, 35 ; on 
dart-sac, 143 
Asolene, 4I6 
AsperffiUnmy 262, 450 
Asjtidelmy 329, 440 
Aspidocems, 399 




INDEX 


SIS 


Asshnine4i, 

Antfirte^ J^)l 
Aaihenothaems^ 450 
Aslmliumf 

AthuracophoruSj 44^ — Jftttella 
AthyriHf 499, 600, 505 ; stratigrajihical 
(Ustributioii, 607, 608 
Atilin, 423 

Atlanta^ 421, ^ J ; foot, 200 
AOnHHUn'hlu^ 330, 441 
Atreiiiata, 511 

Atrctui^ (iistrihution, 486, 4^7 
Atrypt!^ 601, 602 , 505 ; stratigrnjiliical 
distribution, 607, 608 
Atrypidae, 501, 505, 608 
Attinn, 393, 305 
Atys, 428 , 430 

Aucapitaiue, H., on tenacity of life, 
38 

Ai«^ell(u 44^ 

Aulopomat 157, 304, 4^4 \ ojierciilum, 

269 

A uhstcfjeSf 504 ; stratigrapliical distribu- 
tion, 507 

Aui'icula^ 439 , 4^0 
A id'kulclht , 327, 44^ 

Atiriculidae, 17, 18 , 260 , 439 , 430 ; lung, 
160 ; eyes, 186 ; radula, 235 
AuHtenid, 301, 304, 440 
Atrllunaf 430 

Ai^kiiUf, 254, 258, 449 , 440 \ eyes, 190; 
genital oritice, 242 ; -.1. manjaritifero^ 
100 

Ai'iculopi^ten, 430 
A ck'uhtpinna^ 440 

A.cbiU8^ 452 
AzecUf 443 

Azygobrancbiata, 155, 407 

Babinka, 447 
B<tctn0i8f 305 
BffcuUteji, 309 
Bffikalm^ 290, 4^3 

Baird, Mr., on the British Museum snail, 
37 

Bti/eitj 443 ; B. perversa, 24, 41 
Baltic, fauna of the, 12, 83, 366 
Baakiria, 4^3 
Barhatia, 443 
Barlecia, 4^3 

Barnacle, Bev. H. G., on musical sounds 
produced by Mollusca, 51 
Barometers, snails as, 50 
Bfirtlettia^ 452 
Bftsilissn, 376, 40 s 
Basommatophora, 11, 19, 181, 433 
JUuterotia, 431 

Bateson, W., on variation in Canlium, 91 ; 

on hearing in Aiimiiiu, 196 
Bnthniocerfis^ 305 
,BafhydoriSf 433 
Bathyteuihis, 300 


Bah'ssa, 320, 453 
Brddinnea, 304 
Beecher on phylogeiiy, 509 
Beetles, prey on Mollusca, 58 
420 ; radula, 219 
Belem iiites, 380 
Belemnitidae, 337 
Belem mtsrpuf, 300 
BelleroplHm, 266, 407 
Belopfera, 380 
Belopteridae, 333 
Behsepla, 386, 333 
BelofeufJiis, 300 
BcmhU\ 376, 4 O 8 
Benedirtia, 290, 413 
Beuthuhia, 377 
Benthmlolium, 377 
BerendtUi, 441 

Beudant, experiments on Mollusca, 12 
Bideford Bridge and mussels, 117 
Binney, Dr. , on epiphragm, 28 
Binneya, 341, 441 
Biradiolifes, 430 
Birds, devour Mollusca, 66 f. 

Bithynella, 289, 293, 413 

BithynUf, 336, 342, 4 I 0 ; stomach, 239 ; 

habitat, 25 
Bit Hum, 410 
Blaesospira, 346, 351 
Bland ielln, 16, 414 
Blan/ordia, 414 
Blind Mollusca, 185 
Blood, 171 

Bodb, land Mollusca, 24 
Boeuf ami French oysters, 107 
Bahna, 4 OO 
Boltenia, 340 
Bnrenfusns, imlula, 221 
Bitrnella, 433 ; stoinacli, 239 

Bitrsimia^ 420 

Bonis, 366 '358, 441 
Btnirrieruf, 357, 410 

Jhnirguvtia, 41'! 

Bonryniynatia^ 332 
Boiivier — .src Fisi lier 
Bttysia^ 302, 44'2 
Brachial appurattis, types of, 500 
Braehiopofla, fossil, limestone foriniMl of, 
492 ; sliell, 493, 497 ; muscle scars on, 
494, 501 ; idatform, 496 ; synopsis of 
families, 603 ; stratigrapliical distribu- 
tion, 606 ; phylogeny and ontogeny, 
509; Orders, 511 

Brachiopoda, recent 463 ; historical 
account of, 464 ; shell, 465 ; body, 
469 ; digestive system, 471 ; body 
cavity, 472 ; heart, 473 ; excretory 
organs, 474 ; muscles, 475 ; nervous 
system, 478 ; reproductive system, 478 ; 
embryology, 479 ; habits, 482 ; distri- 
bution. 484 ; classification. 487 ; affini- 
ties, 487 
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Brachytrema^ 417 

Brackish- water species, 14 
Branchiae 151, 163, 164 
Branchial siphon, 156, 164, 178 
Braun, on self-impregnation, 44 
Breathing oigans — see Respiration, 
Branchiae 
BrechiteSf 459 

Breeding, periodicity in, 129 
BrodenpUit 458 
Brotia^ 305 
Brovmia, 133 
Bwxinanom^ 42S 

BUcdnop^t 4^4 ; radulo, 221, 222 ; egg- 
laying, 128 

Buccinum^ 6, 4^4 \ radnla, 217 ; mons- 
trosity, 231 ; breeding, 129 ; osphra- 
dium, 196 ; spawn, 126 
Buliminv^y 24, 278, 285, 296 f., 816, 331, 
339, 44^ ; protective habits, 70 ; B, 
pdllidior, 38 

Bulimulua, 278, 334, 339-359, 44^1 
jaw, 211, 233 ; radnla, 233 ; variation, 
87 

Bulimus, 278, 342-359, 860, 441 1 nidula, 
‘ 233 ; egg, 124 
Bidiiiua — sec Jsidcra 
BuUci, 428, 4S0 

BuUidy 166, 4^8 ; habits, 192 ; foot, 198 ; 

radnla, 221 
Bulloidea, 4^9 
Burrowing Mollusca, 446 
Burying ^propensities of Mollusca, 27, 
41 

Busycwiy 4^4 9 money made from, 97 ; 

egg-capsules, 126 — see Fulgur 
Butterell, Mr., on habits of Testacdla, 
52 . 

Byssocardiuvif 455 

Byssus gland, 201 

Cadlina^ 434 
CadoceraSy 393 
Cadulua, 376, 445 

CaecUiii^vdla^ 448 ; habitat, 48 ; eyes, 
186 

Calcardla, 133 

California, land Mollusca, 280 
Cattioatmnoy 4O8 ; jaws, 212 
CalliatochUont 403 
CaUochiton, 403 
Callogaza, 408 
OcUlonia, 448 
CaUdpoma, 409 

Caltna, protective coloration, 74 
Oalybiutn, 4^0 
Oalycia, 320, 448 
Cfalycidoria, 484 
CeUyptraeat 248, 418 
Camaenat 305, 806, 315, 316, 441 
Cambrian, Mollusca of the, 2 
Oamitiat 409 


Campaape, 483 
CamptoceraSy 802 
Camptonyx, 278, 802, 489 
Campylaea, 285, 239 f., 298, 441 
CanaL 155 
Caneetlaria, 480 
Canidia, 10, 305, 483 
Cannibalism in snails and slugs, 32, 
33 

Cantharidua, 408 
Oantharua, 275 ; radula, 222 
Caprina, 456 
Caprotma, 450 
Capvlua, 4I8 
Caracolua, 847-351, 441 
Carbmicola, 451 
Cardiacea, 454 
Cardiapoda, 481 
Cardilia, 454 
Cardinal plate, 500 
Cardinal process, 497, 501 
Cardinalia, 4O8 
Caniinia, 451 
Cardita, 273, 451 
Carditdla, 451 
Carditopaia, 451 

Cardium, 6, 273, 466, 455 ; C. ed\de, 12, 
164 ; modiOcations, 12 ; variation, 84, 
91 : nervous system, 207 ; distribution, 
292, 297 

Carelia, 327, 448 

Carinaria, 9, 422, 488 ; foot, 200 

OarinifeXf 489 

Carolitt, 448 

Cartiiaiana, 296 

Oarychitivi, 18, 489 

Caryodea, 325, 359, 441 

Caadltt, radula, 230 

Caapia^ 12, 297 

Caspian Sea, fauna, 12, 297 

Casaidaria, 480 

Caaaidula, 18, 278, 439, 489 

Casaia, 255, 480 ; radula, 223 

Caatalia, 344, 458 

Cataidua, 266, 304, 157, 414 

Caterpillars mimicking Clauklia, 68 

Cathaica, 316, 441 

Catinella, 448 

Cavfdinia, 168, 486 ; eyes, 186 
Cedna, 414 

Cenia, 488 ; breathing, 152 
Centrodoria, 484 ; radula, 280 
Cmtronella, 499, 506, 508 
Cephalopoda, 378 f. ; defined, 5 ; ink, 
65 \ egg-laying, 127; embryo, 188; 
branchiae, 168 ; osphradiiim, 195 ; foot, 
200 ; nervous system, 206 ; jaws, 213 ; 
radula, 236 
Cepolia, 349-351, 441 
Ceraatatna, 483 
Ceraatuam 381, 441 
Cerata of Nudibranchs, 71., 159 



INDEX 


517 


Cferatiiea, 397, 898 ; suture, 896 
^^Ceratodes, 857, 41^ 

Ceres, 81, 854, J^0 
Ceritella, 417 ’ , 

Ceritkidea, 260, ^77 ; C. oUusa^ lireath- 
ing, 152 

Cerithiopsia, 477 
Cerithium, 16, 470 
Ceromya, 4O8 

Chaetodermu, 604, 404 » breathing oi^gans, 
154 ; nervous system, 808 ; radula, 217, 
228 

Chaetaplewra, 4OS 
Ckairui, 257, 272, 446, 405 
Clutirmtrea, 45S 

Changes in environment, effect of, 83 f. 
Chank-shell, fishery of, 100 
Charis, 824, 44^ 

CUropa, 319, 323-327, 447 
Chascttx, 4^4 
Chdinodurd, 450 
Chdoiropis, 133 
Vhenopus, 478 
Chilidium, 498 
Chilina, 19, 343, 358 
Chilinidae, 459 ; radula, 236 
OhUotreTtia, 447 
China, use of shells in, 101 
Chiroptermi, 133 
Chiroteuihis, 385, 391 
Chiton, 8, 103, 403; egg-laying, 126; 
breathing organs, 153 f. ; eyes, 186 ; 
osphradium, 195 ; radula, 888 ; nervous 
system, 803 ; valves, 401, 408 ; girdle, 
408 

Chitonellus, 404, 404 \ ▼elves, 401 
ChUtya, 16, 348, 351, 414 
CtUa^nydephonis, 333, 440 
Chl^imydoconcha, 175, 245, 453 
Chlamys, 450 

Chlontis, 306, 311, 319-324, 447 

Chlorostoma, 4O8 
CJUorostracia, 307 
ChmTumphalus, 250, 290, 459 
Ghondrophora, 389 
Chondroporm, 346-355, 848, 

Ckondruta, 285, 890, 296, 442 
Choneplaa, 404 

Chonetes, 504 ; stratigraphical distribu- 
tion, 507, 508 
Choristes, 420 ' 

Choristoceras, 398 
Chorus, 433 

Chrovnodoris, 454 \ jews, 818 ; radula, 
230 

ChrysaUida, J^2 
Chrysodomus, 423 
ChrysosUma, 

Cingvlai 475 
dngvlifUi, 422 

dmdla, 442 
Circe, 454, 808 


Circulator system, 169 
Cireulus, 4O8 
Circumpolar species, 287 
Cirrhoteutkis, 881, 888 
Cistella, A67, 470 , 472, 475, 476, 479, 
480, 457 ; larvae, 481 , 483 ; parasite 
of, 485 ; distribution, 486 ; fossil, 506, 
508 

Cistopus, 385 

CistuUi, 349, 351, 355, 474 
Cladohepatica, 452 
Clmuiuius, J^8 

Classification, 5, 8 ; of Gasteropoda, 8, 
11 

ClathurdtOi 

CUivsUia, 448 , 442 ; mimicked by cater- 
pillars, 68 ; monstrosity, 251 ; distribu- 
tion, 285 f., 894 , 805-318, 332, 339-356; 
C. rugosa, 24 ; scalaris, 278 
Clavagella, 262, 459 
Clavator, 335, 359, 447 
Clavatula, 426 
Clavella, 424 
Claviger, 329, 477 
Ctea, 16 , 305, 423 
Cleinentia, 454 
Cleodora, 486 , 456 
Cleopatra, 294, 328, 831, 336, 4I6 
Clessiii, on duration of life, 39 
Vfessinut, 12, 297 
Clio, 436 , 436 

Cliona, enemy of oysters, 112 
Clione, 158, 458 
Clwwtpsis, 457 

Clitamboiiites, 498, 505 ; stratigraphical 
distribution, 507, 508,, 511 
CliUKyn, 327, 470 
Clydonites, 398 
Clymenva, 397 
Clypidellii, 4O6 
Coccidhm, 4O8 
Cochlicella ac\Ua, 27S 
Cochliolepas, 77 , 

Cochloceras, 398 
Coehlodesmi, 459 

CocMostyUi, 124, 278, 818 , 815, 447 
Cockles, use of, 101, 118 
Coecunt, 247, 260 , 477, 418 
Coeliaxis, 334, 442 \ habitat, 49 
Coetocentrum, 808 , 442 
Codospira, 505, *508 

Cold winter, effect on oysters, 112 ; on 
mussels, 116 

Collinge, W. £., on growth and burial of 
shells, 41 

CoUisella, 405 

CoUiMina, 405 ; raduloi 227 
Codonva, 409 
Cddbouphadus, 450 
Colour of arctic shells, 86 
Cdpodas]^, 450 
Cdumbarium, 426 
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Cdumhdla^ J^S ; radula, 222 
Cdumhellaria, J^O 
CdumbeUinaf 4^0 
Columna, 328, 380 , 44S 
ComindUi^ 16 , 

Composition of shell, 252 
Concha^ 463 

Cmchidium^ 497, 408 , 500, 605 \ stmtl- 
graphical distribution, 507| 508, 511 
Concholepas^ 267, 423 
Cmidea, 423 
Conocardium, 455 
ConorbU, 425 

Conus, 247, 275, 425 ; poisonous bite, 65 ; 
tooth, 66 ; shell, 69, 265, 260; mimicked 
by Strcnnbus, 69 ; prices given for rare, 
121 ; spawn, 125 ; radula, 218, 220 ; 
operculum, 269 
CookUi, 409 
CqptochUus, 314, 4^4 
Coralliophaga, 451 
. CoraUiophila, 75, 423 
Coralliophilidae, radula, 216 
Corambe, 454 
Comsia, 311, 319-321 
Corbicula, 15, 288, 292 f., 453 
Corhis, 452 
Corbula, 455 
Gorilla, 303 
Corona, 27, 442 
Comuiria, 297 
Coryda, 346-351, Uf^ 

Corypheltb, 452 
Cosmocetus, 399 
Cowry used as money, 96 
Coyote trapped by Haliotis, 57 
Cranchia, 391 

Crania, 464, 467 , 468, 469, 471, 472, 
473, 475, 476, 477 , 4^7; distribu- 
tion, 485 ; fossil, 493, 494, 604 ; strati- 
graphies! distribution, 506, 507, 508, 
510 

Craniidae, 457, 496, 504i 508 
Cranopsis, 265 , 4f^ 

Craspedochiton, 405 
Craspedopama, 298, 47-4 
CrajspedostovMi, 4 OS 
Crasaalella, 451 
Cratena, 452 
Crawling of ffdix, 45 
Crfmnocofnchus, 16, 302, 415 
Crenatvla, 75, 440 
CrenMa, 440 
Crenlpecten, 450 

Crepidida, 248 , 257, 412 , 412 ; parasitic, 

Crepipaidla, 248 , 512. 

Creaeis, 486 , 455 ; eyes^ 186 
Crimara, 454 » radula, 229 
Orioceraa, 247, 899 , 399 
Criatigibba, 311, 319, 320, 

Croaaoatma, 4O8 


Crudhulum, 248 , 412 
OryptochiUm, 245, 371, 46% 404 
Cryptochorda, 425 
Cryptocomhua, 404 
Cryptophthalmxba, 450 
Ctyptoairacon, 353, 441 
Ctenidia, 151 — acc Branchiae 
Ctenopoma, 346-351, 414 
Cucudlaea, 274, 445 
Cultdlua, 457 
CuvML, 423 
Camingia, 455 

Cuapularia, 459 ; branchiae, 168 *• 
Cuvierina, 486 , 455 
Cyane, 4 IO 

Cyathopoma, 247 , 268, 314, 338, 414 
Cyclaa, 453 \ veliger, 182 ; ova, 146; 
otocyst, 197 ; C. cornea, thread-spinning, 
29 ; distribution, 282 
Cyclina, 454 
Cyclobranchiata, 156 
Cyclocantha, 409 
Cyclamotpha, 414 
Cyclonaaaa, 425 
Oydonenia, 409 
Cyclophoridae, origin, 21 
Cyclophorua, 302, 306-319, 329-334, 344, 
352-358, 414 ; jaws, 212 ; radula, 
21 

Cydoatama., 328, 331-338, 414 , 414 \ 
stomach, 239 ; vision, 184 ; osphradiuni, 
195 ; nervous system, 205 ; C. degans, 
287, 288 

Cyclostoniatidae, origin, 21 ; radula, 224 ; 

gait, 199 
Oydoatrenva, 405 
Cydoaurua, 247 , 337, 414 
CydoUpaia^ 338, 414 
Cydotus, 296, 319, 320, 414 
Cylichna, 428 , 450 ; radula, 215 
Cylindrella, 247 , 260 , 278, 343-355, 348 , 
442 ; monstrosity, 251, 252 
Cylindrellidae, radula, 233, 284 
Cylindritea, 430 
CylindrobuUa, 450 
Cylindromiira, 425 ; radula, 222 
Cymbium, 255, 367, 425 ; radula, 221 
Cymbulia, 437 
Cyvfdndiopaia, 457 
Cynodtynia, 424 
Qyplwma, 419 

Cypraea, 178 , 419 ; prices given for rare, 
122 ; mantle-lobes, 177, 178 ; radula, 
224 ; shell, 255 , 260, 261 ; C,imneta, 
96 

Cypraecaaaia, 420 
Cypraedia, 419 
Oypraeovula, 419 
Cyprimeria, 454 

Cyprina, 451 ^ 

Cyrena, 15, 455 ; distribution, 285, 294 
Cyrendla, 453 
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CyrtuL^ 505 ; stratigraphical distribution, 
507, 608 
Cyrtoceras^ 394 
Cyrtodaria^ 457 
Oyrtodonta^ 452 
CyriditeSf 407 
Cyrtonotua^ 44^ 

Cyrioimndy 414 
Cyaticoj}8i8f 346-351, ^41 
C^atiacua, 4^5 
(lyaif^mi, 325, 326, 4V1 
CyOierea^ 454, 4^4 

Dacrydwm, 449 
PaedalochUa^ 441 

W. H., quoted, 36 ; ou branchiae, 
164 

» Dmifutyavdia^ 440 
DapktiAla, 426 

Darbishire, R. D., on tenacity of life, 
39 

Dardania^ 415 
Dart-sac, 142 

Daudehardia^ 289, 292 f., 440 
Davidamia^ 505^ 508 
Dawsonella^ 410 
Dayia, 505t 608 
Decapoda, 385 f. 

Decollation, 260 
. Deep-sea Mollusca, 374 
De Folin, experiment on Cycloatoma, 157 
Deumirat 410 

Delage, experiments on otocysts, 197 
Ddptiinula, 409 
Deltidium, 499 

Dendronotua^ 423 ; protective coloration, 
72 ; habits, 51 

Dmtalium^ 6, 444, 443 \ used as money, 
97 ; veliger, 131 ; radula, 228 
Dentdlaria, 860 - 365, 441 ; aperture, 

68 

Desert species, 25, 85 
Deahayeaui^ 411 
DeamwUea^ 423 

Development of fertilised ovum, 130 f. 

Dexudiranchaea^ 437 

JHadenuit 414 

Diala, 415 

Dwlmca, 441 

Diaphora, 314 

Diapharoatmna, 413 

Diaatima, 413 

D*a8U)ma, 417 

D 'lulula, 434 

Dibapkua, 425 

Dibranchiata, 380 ; eye, 183 ; nervous 
system, 207 
IHceraa, 269, 455 
.DidacTia, 12, 297, 455 
Differences of sex, 133 
Dignomia, 511 
..Di^nopora, 134, 144 


Dilmna, 4 O 8 
Dimorphoptychia, 4 IO 
Dimya, 450 
DindKdua, 504 % 508 
Dinoplax, 403 
Diotocardia, 9, 170, 405 f. 

Diplodonta, 452 
Diplomniatina, 302-327, 413 
Diplomphalua, 322, 323, 

Diplopotmi, 346, 351, 414 
Dipaaccm, 424 
Dipaaa, 307 

Diacina, 464, 468, 471, 475, 437 ; distri- 
bution, 485 ; fossil, 493, 504 i strati- 
graphical distribution, 506, 508 
Discinidao, 437, 496, 504, 508, 511 
Diaciniam, 437, 510 ; distribution, 485, 
486 

Disc lies, 395 
Diacoiitn'ia, 434 
Diacoaorm, 394 
THsttyrtio, 255 — see Peraona 
Ditropia, 312, 314, 414 
Docoglossa, 227, 

DdaMla, 428, 451 
Ddahrifer, 431 

Doliuvi, 4t9 ; acid secretion, 237 
Donax, 269, 446, 453 
Dtmderain, 404 
Ihyrcaaia, 333, 441 
Dundiim, 430 

Doruluncidita, 434 1 radula, 229 
Duriopaia, 434 

Doria, breathing organs, 109 ; radula, 
230. 

Dirraanum, 423 
Doatdicus, 390 
Doainia, 454 

Data, 433 ; protective coloration, 71 
Dreiaaenaia, 14, 123, 4^2 ; hibernation, 
26 ; singular habitat, 48 ; veliger, 182, 
146 ; eps, 192 * 

Dreiaaenaiomya,^ 452 
Dreitania, 434, 

Drillia, 426 
Dry^naeua, 356, 442 
Dryptaa, 356, 441 
Durgdla, 301, 304, 440 
Dwarf varieties, 88 
Dyhwioakia, 290 


Eastonia, 454 

Ehuma, 267, 424 \ radula, 220 
Ecardines, 466 ; muscles, 476 ; fossil, 
493 ; famUies, 437, 503, 508 
Eccyliomphalua, 413 
Echinoapira, 138 
EdentulvM, 888 ‘ 

Egg*laying of Avion, 42 f. ; of Mollusca 
generally,' 128 
agiitiA, Jilt 

Eider-duck, Adle uied by, 102 
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MlctMf 822| 

Wmfimnema^ J^l 

EUdone^ 886, $85 ; radula, 236 

ElizUij 4^6 

Etysia^ 432 ; protective coloration, 73 ; 

breathing, 152 ; radula, 217, 280, 482 
Emarginula, 260, 406 
EmUetmia, 429 
Emmericiat 416 
Ena, 296, 44^ 

EnaeUif 4^5 
EndocercLS, 394 
Endodonta, 325, 334, 441 
Engma^ 424 
Enida^ 408 

Emiea, 298, 302, 306, 309, 314, 316, 
328-337, 440, 440 ; habits, 54 ; E. hvcoVoT^ 
279 

EmplochitoTif 408, 40$ 

EnoplotetUliia, 391 
Ensia^ 457 

Entoc<daXt 77, 79, 152 
Entoconcha^ 77, 79, 152, 216 
Entovalva^ 77 1 82 

Ephippodontaf 463 ; commensal, 81 
EpidromiiSj J^O 
Epiphragm, 26 27 f. 

Epipodia, 427 
Erato^ 419 
Eremophila, 294 
Ergam^ 248, 412 
Erinnd, 327, 469 
Erosion, 276 
Ervilia, 464 
Erycinw,^ 453 
Escargoti^res, 119 
Eatria^ 329, 440 
Estuarine species, 14 ; 

EthcUia^ 4(^ 

EucalodivMf 260, 353, 44^ 

EtuheluSt 408 
Euchryaallia^ 420 
EMdioptua^ 442 
Eudoxochiton, 403 
Eukadra^ 316, 318,^,^ 
Eulamellibran^Oita,’ 461 ; gill| 188, 
167 ' 

EiUimat 422 ; parasitic, 77, 78 
EulimeUai 250, 422 
Evlota, 296, 441 
Euomphalus, 247, 41$ 

EupUcta^ 440 

Eupleura, 423 

Eupldcamtu, 464 

Eurybia, 468 

Eurycampta, 346-351 

EurycrtUeraf 349, 351 , 441 

Euryaioma, 304 

Eurytua, 442 

Euthria, 424 

Euthyneura, 203 

Eutrichatella, 347*351, 848, 410 


Exploring expeditions, 362 
Eye in Mollusca, 181 f. 

Facelina, 462 
FaacidUiria^ 424 ; radula, 221 
FcLatigieUat 416 
FavoriniM^ J^2 
Femdla^ 416 

Fertilised ovum, development, 130 f. 
Feruaaaxiat 291, 293, 297 f., 442 
Fiji islanders, use of shells, 98 
Filibranchiata, 44 $ ; 188 

Fiona, 462 ; radula, 217 
Firolouia, 421 

Fischer and Bouvier, on breathing of 
AmptUlaria, 158 
Fiacheria, 15, 328, 463 
Fish devour Mollusca, 59 
Fiaaurella, 266, 406 ; breathing organs, 
168 ; apical hole, 156 ; nervous system, 
204 ; radula, 227 ; growth, 261 
Fiaaurellidaea, 406 
Fiaauridea, 406 
FUauriaepta, 406 
Fiatvlana, 262, 467 
FlaJbeUina, 462 
Fluminicola, 416 
Folinia, 416 

Food of Mollusca, 30 f. ; Mollusca as 
food, 102 f. 

Foot, 198 ; in classification, 5 
Forel, on deep-water Lwvnaea, 162 
Formation of shell, 255 
Fortiaia, 429 
Foaaarina, 416 
Foaaandua, 302, 416 
Foaaarua, 416 

Fourth orifice in mantle, 174 
Fresh-water species living in sea, 12 ; 
frozen hard, 24 

Frogs and toads devour Mollusca, 58 

Fruticicola, 285, 290, 316, 818, 441 

Fruticocampylaea, 296 

Fryeria, 464 

Fulgur, 249, 424 

Fuaiapira, 420 

Fuaua, 262, 424 

QAmmA, 162, 431 ; breathing, 18, 151 ; 

classification, 19 ; radula, 217, 280 
Gain, W. A., quoted, 32, 33, 39 ; on taste 
of Mollusca, 179 
Galatea, 15, 328, 886, 463 
Oaleomma, 175, 463 
Oalerua, 248, 412 ; egg-capsules, 125 
Garstang, W., on protective and warning 
coloration, 73 

Gaskoin, on tenacity of life, 38 ; on egg- 
laying, 42 

Gassies, on hybrid union in snails, 130 
Gasteropoda, classification, 8, 11, 400 f. 
Oastrana, 466 
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Qmtrochm^^m^ 457 ; habits, 64 
OcLstrodmta^ 440 
QastT<»pterm^ 245, 4^0 
Qam^ 376, 4 OS 
Gena, 246, 4 O 8 

Genea,484 

Oemtia, 4^6 

Geomalacus, 160 , 288, 291, 44i t 
tective coloration, 70 
Geomelania, 16, 348, 361, 4^4 
Georgia, 331, 414 
Georissa, 318, 4^0 
Geostiibia, 338, 448 
Gerontia, 44^ 

Gerstfeldtia, 290 
GUtitnda, 4 O 8 

Gihbus, 328-888, 440 , 440 
Gillia, 4 I 8 
Gills — see Branchiae 
Girasia, 301, 304, 440 
Glandina, 64 , 178 , 278, 292 f., 339- 
355, 440 ; radula, 231, 282 ; habits, 
53 

Glands, germ, 134, 140 ; nidamental, 
136 

Qlassia, 501, 605 
Glaucmnya, 320, 484 
GUiucus, 429, 432 
Gleba, 437 

GlessuUt, 301, 309, 310, 333, 448 

Glochidium, 147 

Glomus, 448 

Glossoceras, 394 

Glossophora, 7 

Gloitidia, distribution, 485, 487 
Glycimeris, 467 
Glyphis, 4 O 8 
Glyptostoma, 341, 441 
Gomphoceras, 394^ 890 
Gonatus, 391 
GonuUites, 397, 898 
Gonidbasis, 341, 417 

Goniodans, 484 \ protective coloration, 
73 ; radula, 229 
Goniomya, 468 
Gonostoma, 291, 316, 441 
Goniostomus, 448 
Qrammysia, 469 
Graidoupia, 464 
Great Maatem and mussels, 116 
Greenhouses, slugs in, 35 
Green oysters, 108 
Gresslya, 468 
Growth of shell, 40, 257 
Ouesteria, 440 
QuUd^ordia, 409 
GuivUlea, 186, 376, 485 
Gulls and Mollusca, 56 
Oundlaehia, 19, 325, 345, 352, 359, 

439 

Gymnoglossa, 216, 225, 488 
Gymnosomata, 487 


Gyroceras, 247, 306 
G^tofna, 417 

Hadra, 306, 315, 319-325, 822 , 441 

HadHania, 423 

Haemoglobin, 171 

Hainesia, 336, 414 

HaZia, 366, 486 

Jlaliotinella, 481 

Ualwtis, 266 , 4^ : and coyote, 57 ; holes 
of, 156; osphradium, 195; epipodium, 
199 ; nervous system, 204 ; radula, 215, 
226 

Halopsyche, 159, 488 , 438 
Haminea, 428 , 480 ; protective colora- 
tion, 73 
Hamites, 399 
Jlamidina, 399 
Uanleym, 403 
Ilapalus, 331, 448 

JIarpa, radula, 486 , 216, 221 ; self-muti- 
lation, 45 
Harpagodes, 418 
Harpoceras, 390 
Harvdla, 464 
Hatching of eggs, 43 

Hazay, on duration of life, 39 ; on varia- 
tion in Limnaen, 93 
Hearing powers of Mollusca, 196 
Heart, in classification, 9 ; action during 
hibernation, 26; and branchiae, 169 
Hoctocotylus ann, 137 f. 

Hdeion, 4 O 6 ; protective coloration, 69 
Ifelcioniscus, 466 

Hele, F. M., on Hyalinia, 33 ; on Steno- 
gyro, 34 

Udimrion, 309, 316, 325, 332, 440 ; 

radula, 232 ; habits, 45, 67 
Helicidae, radula, 282, 284 
Hdievm, 305, 306, 816-827, 838-858, 
410 \ origin, 21; exterminated by 
cold, 24 

HdUiophanta^ 335, 886 , 441 , 441 
Hdigmus, 440 

Hdix, 441 ; toothed aperture, 68 ; protec- 
tive cCloratfon, 70 ; variation, 87 ; car- 
bonic acid, 163 ; eye^ 181 , 188 ; food, 
179 ; smeU, 194 ; Jaw, 211 ; dUtribu- 
tion, 285 ; tenacity of life, 87 ; breed- 
ing, 129 

Hdix attemata, 840; angtdata, 800; 
aperta, 38, 39, 51, 298 ; arhusiwum, 
tithing, 23 ; caperata, variation, 89 ; 
cereolw, 840 ; ckatricosa, 816 ; crenu 
UtJbris, 45 ; ddphinuloides, 297 ; desert4)» 
rum, 37, 38, 70, 294 ; JiddU, 841 ; 
haemasUma, habits, 70 ; harpa, 287 ; 
hortensis, 10, 279 ; pulsations, 26 ; 
epiphragm, 28 ; rock-boring, 49 ; dart, 
148 ; imperator, 847 ; habits, 45 ; 
laciniosa, 297 ; lactea, 25, 88, 42, 279 ; 
lima, 860 ; muscarum, 847 ; nemoralis, 
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88 , 180 ; nicienaia^ 808 ; nux dentwu- 
lata, 800 ; palUata, 840 ; piaana, 25 ; 
habits, 33 ; pomatia, 25, 84, 40 ; eye, 
181 ; ponium, 888 ; pvlcheUa, 279 ; 
riehm&adianct, 888 ; roaacea^ 889 ; ros- 
trata, 847 ; rota, 314 ; rufeacefna, pulsa- 
tions, 26 ; aimilaria, 279 ; aouveriia'na, 
838 , 441 ; atrigata, 898 ; triatia, habits, 
49 ; turrimla, 897 ; Veatchii, 3S ; 
Waltmii^ 304 ; WoHaatonif 897 ; xomta, 
898 

Helix aaperaa, homing, 35 ; smell, 36 ; 
duration of life, 39 ; growth, 40 ; 
strength, 45 ; boring rock, 50 ; varia- 
tion, 87, 89 ; eaten, 119 ; hybrid 
union, 130 ; generative oi^gans, 140 f., 
141 ; dart-sac, 148 ; pulmonary cham- 
ber, 160 ; radula, 217 ; alimentary 
canal, 887 ; monstrosities, 251, 808 ; 
growth, 258 ; distribution, 279, 289 
Hemiarthrum, 403 
Hemicardiim, 455 
Heinidonax, 45$ 

Uetnifuaua, 434 
Ilemipeeten, 450 

Uemiplecla, 310, 316, 319, 321, 4^ 
Hemiaepiua, 389 
HemUinua, 357, 4^7^ 

UeniitoTm, 860 
Hemitrichia, 314 
Hemitrochua, 346-851, 447 
HemphUlia, 245, 341, J^l 
Hercoceraa, 395 

Herdman, P^f. W. A., on cerata of Nudi- 
branchs, 71 f. ; experiments on taste of 
Nurlibranchs, 72 ; on Littorina rudia, 
151 n. 

Hennaea, 4$$ ; protective coloration, 
73 

Hermaphrodite Mollusca, 134, 140, 145 
Hermit-crabs, shells used by, 102 
Hero, 432 
Heterocardia, 454 
Heterodiceraa, 455 

Heteropoda, 9, 420 f. ; radula, 228 ; 
foot, 200 

Hexideia, 316, 470 

Jlexcdyranchaa, 434 

Hibernation, 25, 163 

High altitudes, Mollusca living at, 24 

Himdla, 15 

Hindaia, 424 

Hindaidla, 453 

Hinge area, 493, 498 

Hinge, in Waives, 272 

Hinnitea, 257, 450 

Hipponyx, 248, 472 

Hippqpua, 455 

Hippuriiea, 400 , 456 

Hiatiopaia, 397 

Hiatioteu^ia, 391 

Holcoatoma, 417 


Hclohepaiica, 433 
Hoiopdla, 411 
Holoapim, 339, 353, 442 
Holostomata, 156 
Hfmcdogyra, 475 ; radula, 223 
Homalonyx^ 245, 848-358, 44$ 

Homing powers of Mollusca, 34 

Homorua, 380-837,44^ 

Hoplitea, 399 
Hoplopteron, 422 
Horea, 332 
Horioatoma, 409 

Hot springs, Mollusca living in, 25 
Jlurmia, 394 
Hyalaea, 10, 436 

Hyalinmx, 245, 305, 306, 338, 44$ 
Hyaline stylet, 240 

Hyalinia, 440 ; pulsations, 26 ; food, 33 ; 
smell, 194 ; dart, 143 ; radula, 232, 
884 ; distribution, 287 f., 318, 340-357 ; 
H alliaria, 279 ; smell, 194 ; cellaria, 
279 ; Drapamaldi^ 33 
Hyalocylix, 43>7 
Hyaloaagda, 352 
Hyhocyatia, 800, 809x 4^4 
Hybridism, 129 
Hydatim, 430 ; radula, 831 
Hydrobia, 325, 332, 475 ; If. ulvae, egg- 
laying, 128 

Hydrocena, 298, 470 ; radula, 226 
Hymenoptera build in dead shells, 102 
Hypdbraxichaea, 434 I radula, 230 
Hypotrenva, 44$ 

Uypadoatmna, 248, 808, 305, 314, 44^^ 
Hyria, 344, 452 
Hyatricella, 297 

lANTHiNA, 360, 186, 471 ; egg-capsules, 
125 ; eyes, 186 ; radula, 884 
lapeteUa^ 385 
Iherua, 285-898, 897, 447 
Ichthyoaarcolitea, 456 
Idcdia, 179, 429, 434 \ radula, 229, 230 
Idaa, 449 
Idioaepim, 389 
Ulexy 390 

hribkcaria, 425 ; radula, 881 
Imperator, 409 

Indians of Atnerica, use of shells, 100 

Ir^ndibuhm, 408 

Inioteuthiay 389 

Ink-sac, 841 

Inoceramua, 44$ 

Insects eaten by Mollusca, 32 
Inaularia, 319, 320 
Intestine, 241 
lo, 16, 840, 477 
lopaa, 423 
Iphigenia, 15, 453 
Iravadia, 805, 475 
Iridina, 294 
Irua, 297 
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Isanda, 409 
Iscfinochiton, 40 S 

Isidora, 298, 320-327, 333, 336, 369, 

439 

Ismenia, 4 O 4 
laocardia^ 269, 401, 431 
IsodoniUj 433 
Isomeria, 343, 356, 44^ 
lasa, 434 

Jamaicia, 414 

Janella, 161, 443 ; pulmonary orifice, 

161 

Jauellidae, radula, 234 ; distribution, 321- 
326 

Janus, 433 
Japmiia, 318 
Jaws, 210 

Jeaneretiia, 346-351, 44^ 

Jeffreys, Dr., on Limnaea, 34 ; on 
Neptuma, 193 
Jeffreysia, 413 ; radula, 223 
Jorunna, protective coloration, 73 
Jtmannettia, 437 
Jullienm, 307, 413 
Jumala, 4^4 

Kaliklla, 301, 304, 310, 314-317, 335, 

440 

Kalinga, 434 

Kashmir, land Mollusca, 280 

Katherina, 433 

Kelletia, 434 

Keliia, 453 

Kellyella, 452 

Kidneys, 242 

King, R. L., on smell in bivalves, 195 
Kingena, 306, 508 
Kitchen-middens, 104 
Koninckella, 505 ; stratigraphical distri- 
bution, 507, 508 

Koninckina, 505 ; stratigraphical distribu- 
tion, 507, 508 

Koninckinidae, 501, 505, 508 
Kutorgina, 504 ; stratigraphical distri- 
bution, 506, 508 ; embryonic shell, 
509 

Labial palps, 210 

Labyrinthus, 342, 353-357, 441 ; aper- 
ture, 68 

Lacaze - Duthiers on Testacdla, 52 f. ; on 
smell in Hdix, 194 
Lacuna, 413 
Lacunopsis, 332 
Lagena, 434 

LagochUus, 309, 316-319, 414 
LamdUirUi, 245, 4 II \ habits and. protec- 
tive coloration, 74 ; parasitic, 78 ; 
radula, 223 

Lanudlidoris, 434 1 nulula, 229, 230, 831 
Lampania, 417 


Land Mollusca, origin, Ilf. 

Lanistes, 249, 294, 328, 331, 413 
Lankester, Prof. £. Ray, on shell-gland, 
132 ; on haemoglobin, 171 
Lantzia, 278, 338, 439 
Laoma, 441 
Larina, 302, 417 

Larvae of Pelecypoda, 7 ; of insects resem- 
bling Mollusca, 67 f. 

Laaaea, 433 
iMtia, 19, 326, 439 
Latiaxis, 433 
Laiirus, 424 

Ijatter, 0. H., on Qlochidium, 147 
liayard, E. k, on self-burying Mollusca, 
41 ; on sudden appearance of Stenogyra, 
47 ; on Vwliaxis, 49 ; on Rhytida and 
Aempe, 64 
Lada, 447 
Leia, 348-351, 443 
lAdJa, 344, 433 
Lcimui, 414 
Ixpeta, 405 
Lepetdla, 405 
Lepetidae, radula, 227 
Lepidomenia, 404 ; radula, 229 
Leptxidmtina, 327 

Lepiaena, 500, 501, 502, 608, 305 ; strati- 
graphical distribution, 507, 508 
Leptaxis, 441 
Ijeptinariii, 357, 358, 443 
T^ptochiton, 403 
LeptoconcJuis, 75, 433 
Ijeptolomi, 348, 351 

lepton, 433 ; ])ara8itic, 77 ; commensal, 
80 ; mantle-edge, 175, 178 
Leptoplax, 403 

Leptopmna, 316, 319, 338, 414 
Lcptoteuthis, 390 
Leptothyra, 409 
Leroya, 331 
LeucochiUi, 443 ^ 

Lcitcochloridinm., 61 
T^ucochroa, 2^8, 205, 441 
Leuconia, 439 
Lcucotaenia, 335, 359, 441 
Lencozonia, 64, 484, 434 
Lemntina, 295 
Libania, 295 

Libera, 327, 441 ; egg-laying, 128 
Libitina, 431 
Licina, 414 

Life, duration of, in snails, 39 
Ligament, 271 
Liguus, 349, 351, 443 
Lima, 178, 179, 430 ; habits, 63 
Limacidae, radula, 232 
Limadna, 59, 249, 486, 436 
Limapontia, 429, 433 ; breathing, 152 
Liinax, 245, 440 \ fo(^ 31, 179; varia- 
tion, 86 ; pulmonary orifice, 160 ; shell, 
175 ; Jaw, 811 ; radula, 217 ; diatribu- 
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tion, 285, 324 ; X. CLgrestis, eats May 
flies, 31 ; arbc^m^ slime, 30 ; food, 
31 ; flavua^ food, 33, 36 ; habits, 35, 
> gagotes, 279, 368 ; maximus^ 32 , 
161 ; eats raw beef, 32 ; cannibalism, 
32 ; sexual union, 128 ; smell, 193 f. 
Limea^ 450 

Limicolaria^ 329-332, 44S 
LimruMo^ 439 ; self-impregnation, 44 ; 
development and variation, 84, 92, 93 ; 
size affected by volume of water, 94 ; 
eggs, 124 ; sexual union, 134 ; jaw, 
211 ; radula, 217, 286 ; X. auricularia, 
24 ; glutinosa, sudden appearance, 46 ; 
Hookeri^ 25 ; involuta^ 82, 278, 287 ; 
peregra^ 10, 180 ; burial, 27 ; food, 34, 
37 ; variation, 80 ; distribution, 282 ; 
palmtn8f distribution, 282 ; stagnalist 
food, 34, 37 ; variation, 80, 90 ; cir- 
' cum-oral lobes, 131 ; generative organs, 
414 ; breathing, 161 ; nervous system, 
204 ; distribution, 282 ; trunmt'ida, 
parasite, 61 ; distribution, 282 
Lim^wcardium, 435 
Limmtrochua^ 332, 415 
LimopaiSt 443 
Limpet-shaped shells, 244 
Limpets as foo<l for birds, 56 ; rats, 57 ; 
birds and rats caught by, 57 ; as bait, 
118 

Lingula, 464, 467, 468, 471, 472 , 473, 
475, 477, 478, 437 ; habits, 483 , 484 ; 
distribution, 485 ; fossil, 493, 404 , 503 ; 
stratigraphical distribution, 506, 508, 
510, 511 

Lingtdella, 493, 503 ; stratigraphical dis- 
tribution, 506, 508, 511 
LingulepiSf 603 ^ 511 
Lingulidae, 485, 487, 496, 503, 508 
lAnnaraaonia, 504 ; stratigraphical distri- 
bution, 506, 508 
Lintricvia, 430 
IdobaikaliOf 290 
Limvasus, 4^4 
Idoplax, 340, 410 
Lioatoma, 434 
Lioatracus, 443 
Liotia, 408 

Liparua, 324, 359, 441 
Liaaoceras, 399 
Lit/uuia, 340, 417 
LUhidion, 414 
Litkocardium, 455 
Lithodomua, 440 

Lithoglgphua, 294, 296, 297, 415 
Lithopoma^ 409 
Lithotia, 302, 443 
Litiopa, 30, 361, 415 
LUtorina, 413 ; living out of water, 20 ; 
radula, 20, 215 ; habits, 50 ; protective 
coloration, 69 ; egg-laying, 126 ; hybiid 
union, 130 ; monstrosity, 201, 202 ; 


operculum, ,269 ; v erosion, 276 ; X. lit- 
torea, in America, '374 ; (i)tU8ata, gener- 
ative organs, 180 ; rudia, 150 ; Prof. 
Herdman's experiments on, 151 n. 
LittorinUla, 415 
Lttuxtaa, 247, 395 
Liver, 239 ; liver-fluke, 61 
Livinhaeea, 333, 359, 441 
Livona, 408 ; radula, 226 ; operculum, 268 
Lloyd, W. A., on Naaaa, 193 
Lcbiger, 433 
LdUtea, 397 

JLoligo, 378-^^9 ; glands, 136 ; modified 
arm, 139 ; eye, 188 ; radula, 236 ; club, 
881 ; X. punctata, egg-lay iug, 127 ; 
vulgaria, larva, 133 
Lciigopaia, 391 
Loliguneula, 390 
Loliolua, 39 0 
Lmnanotua, 433 
Lophocercua, 433 
Lwica, 403 

Lowe, E. J., on growth of shell, 40 

Loxoneana, 417 

Lvusapina, 400 

Lucapindla, 400 

Lucema, 441 

Luciddla, 348-351, 410 

Lwina, 270 , 453 

Lvxinopaia, 454 

Lung, 151, 160 

lAimdicardium, 455 

Lutetia, 453 

Lutraria, 446, 450 

Lychnua, 443 

Lyonaia, 458 

Lyonaidla, 458 ; branchiae, 168 

Lyra, stratigraphical distribution, 507 

Lyria, 435 

Lyrodeaina, 447 

Lyainoe, 441 

Lytoceraa, 398 

Maackia, 290 
Macgillvcrayia, 133 
Maditmya, 458 
Madwrea, J^O 

Macroceramua, 343-353, 443 
Maaroceraa, 4^40 
Macrodvilua, 417 

MacrocMamya, 296, 299, 301 f., 310, 316- 
322, 440 

Miusrocydia, 358, 809 , 443 
Macron, 434 
MacroGn, 441 

Macroacaphitaa, 247, 899 , 399 
Macroachiama, 260 , 400 
Mactra, 271, 446, 454 
Maeularia, 285, 291, 292 f., 441 
Magaa, 500 \ stratigraphical distribution, 
507, 508 
MageUania, 500 
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M(milu8f 76 , 4^3 
Mainwarhigia^ 302 
MdUapterat 4^8 

MaJUa^ 419 
Malletia, 447 
Matteua, 449 
Mnnffilia, 4^6 

Mautle, 172 f., 178 ; lobes of, 177 

Margarita^ 408 ; radula, 220 

Margindla^ 498 ; radula, 221 

MarwjdUi^ 314, 338, 440 

Marionia^ 433 

Marmorostoniaf 409 

Marrat, F. P., views on variation, 82 

Maraenia, 133 

Mnraenina^ 417 

Martesia, 305, 4^7 

Mfiatigoteuthist 390 

Maattis, 296, 44^ 

Mathermiiaf 4S5 
MathiUla, 250, 417 
Maitgeria, 403 
Maz^inn, 494 
Megalatractua^ 494 
Megalodoiitidac, 451 
MegnloinMatomtt 344, 4^4 
Megal(nnphalu8f 4 IO 
Megaapira, 358, 449 
MegfitebenniMt 4 O 6 
Megerlia, distribution, 486, 4^7 
Mdadomxis, 249, 328, 331, 410 
Mdampua, 18 , 199, 250, 430 , 499 
MeUxiiatrin, 336 

Mdania, 276 , 417 , 417 ; distribution, 285, 
292 f., 316 f., 324, 336 
Melanidla^ 449 
Melaniidae, origin, 17 
Melanism in Mollusca, 85 
MdanopaU, 417 \ distribution, 285, 291, 
292 f., 323, 326 
MelanthOf 840, 4 IO 
Melapiumt 494 
Mdeagrinay 449 
Mdia, 348 
Mdibe, 439 

Mdongena, 494 1 rftdula, 220 ; stomach, 

288 

Merica, 490 
Meriata, 605, 508 
Meroe, 454 
Metope, 827 
Meaalia, 417 
Meaeinbrinuan 356, 449 
Meaodeama, 4^4 
Meaodon, 840 , 441 
Meaomphix, 340, 440 
Meaorhytia, 377 
Meta, 493 
Metvla, 494 
Meyeria, 494 
Mtomira, 434 

Miarocyatia, 328, 324, 327, 338, 440 


Mierogam, 4O8 
Micronidania, 12, 297 
Microphyaa, protective habits, 70 
Micrqplax, 403 
Micropyrgua, 415 
Microvduta, 495 
Midtiendorjia, 403 
MUneria, 451 
Mimicry, 66 
MUiolia, 4O8 
Mitra, 495 ; radula, 221 
Mitrdla, 493 
MUteola, 495 
Mitrularia, 248 , 419 
Modiola, 446, 4 ^ ; habits, 64 ; genital 
orifice, 242 
Moiliolarcn, 449 
Modwhiritt, 449 ; habits, 78 
Mpdiolnpda, 459 
Moiiulua, 417 
Monilin, 4O8 

Monkey devouring oysters, 59 
MoHoceroa, 493 
Monoctmdylaea., 452 
Monodticna, 12, 297, 455 
Mimodonta, 4O8, 408 ; tentaculae, 178 
Monogompora, 134, 140 
Motiornerella, 496, 504 
Momplextra, 456 
Monotia, 449 

Mouotocardia, 9, 170, 4II 
Monstrosities, 250 

Montncuta, 453 ; M, /erniginoaa, commen* 
sal, 80 ; aiibatriata, parasitic, 77 
Mopfdin, 403 

Moriuin-Tandon, on breathing of Liin- 
iiaeidae, 162 ; on smell, 193 f. 

Mordetiu, 440 
Morio, 490 
Monnua, 356, 449 

Moseley, H. N,, on eyes ot Chitmt, 187 f. 
Mvuaaonia, 327 * 

Mouth, 209 
Mmrmialia, 499 ^ 

Mucus, use of, 63 
Mulinia, 272 - 
Mmeriu, 844, 459 
Mumiola, 492 
Murchiaonia, 265, 4^7 
MurchiaonUlla, 492 

Murex, 493 ; attacks Area, 60 ; use of 
spines, 64 ; egg-capsules, 124 ; eye, 182 ; 
radula, 220 ; shell, 206 
Musical sounds, 50 

Mussels, cultivation of, 115 ; as bait, 116 ; 

poisonous, 117 ; on Great Maatem, 116 
Mutda, 294, 828, 831, 386, 452 
Mutyca, 425 

Mya, 271, 275, 446 , 456 ; stylet, 240 ; 

M, arenaria, variation, 84 
Myacea, 456 
Myalina, 449 
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MycetopiiSy 307, 316, 344, 462 
Myochama^ 468 
Myodora, 4^8 
Myophofkoy 44^ 

Myopsidae, 389 
Myrina, 44^ 

Myristtca, 4^4 
Mytilacea, 44^ 

Mytilimeria, 458 
MytUqpa^ 452 
Mytilopaia^ 14 

MytHua^ 258, 44^ ; gill filaments, 166, 
285 ; M. eduliSf 14, 166 ; attached to 
crabs, 48, 78 ; pierc^ by Purpura^ 60 ; 
Bideford Bridge and, 117 ; rate of 
growth, 258 ; stylet, 240 
Myxostoma^ 414 

Nacella^ 405 
Naimlinat 44^ 

Nanvm^ 278, 300 f., 335, 440 ; radula, 
217, 232 

NapaeuSf 296-299, 316, 44^ 

NaraniOt 454 
Narica, 41 ^ 

‘Nassaf 423 ; egg-capsnles, 126 ; sense of 
smell, 193 
NaasodontUy 4^3 
NassopsiSf 332 

Naticaj 246 , 263, 411 ; spawn, 126 ; 

operculum, 268 
Natic(^ai8i 409 
* Native '"oysters, 106 
yausitora, 15 
Nautiloidea, 393 

yautilua, 254, 892 , 395 ; modified arms, 
140 ; eye, 188 ; nervous system, 206 ; 
radula, 236 ; kidneys, 242 
yavicella, 267, 268, 324, 327, 410; 
origin, 17 

yavictda, 868, 44^ 

ydvicula (Diatom), cause of greening in 
oysters, 108 
yectoteuthia, 389 
yeda, 431 

yematureUaf 12, 297 
y&mhrotha^ 434 
yecbohia, 604 
yeobuccinum^ 424 
ytocydoiuay 357, 358 
yeomenia^ 8 , 133, 216, 228, 404 , 404* 
breathing oigans, 164 ; nervous system, 
208 

yeothauma, 832 
Neotremata, 511 

y^tunea, 252, 262, 433; egg-capsules, 
126 ; capture, 193 ; monstrosity, 261 
yerinea^ 417 

Nerita^ 17 , 410 ; y* polita used as money, 
97 

Neritidae, 260, 410 ; radula, 226 
ymtimit 266 , 410 ; origin, 16, 17 , 21 ; 


egg-laying, 128 ; eye, 181 ; distribution, 
285, 291 f., 324, 827 ; iT. /tumatUia, 
habitat, 12, 25 
yerUmmt 410 

yeritopaiat 409 ; radula, 226 ; operculum, 

269 

Nervous system, 201 f. 

yaaiotia^ 357, 443 

New Zealanders, use of shells, 99 

yicida, 413 

yindla, 409 

yiphonittf 408 

yiao, 422 

yUtdella, 433 

yodtUu8f 415 

yotarchua, 431 

yothu8f 358, 443 

yotobran€?uteat 438 

yotodoria, 434 

yotoplax, 403 

yovaculinaf 305 

yucula, 254, 269, 278 , 447 

Nuculidae, otocyst, 197 ; foot, 201 

y^iculina, 448 

Nudibranchiata, 433 ; defined, 10 ; pro- 
tective and warning colours, 71 f. ; 
breathing organs, 159 
yummulina^ 295 
yuttallbuif 403 

Obba, 311, 315, 441 
Obbina, 806, 311, 312, 314 , 319 
Obeliacua, 443 

Oboletla, 496, 604 ; stratigraphical distri- 
bution, 506, 508 
Obolidae, 496, 504, 508 
Obolua, 6 O 4 , 508 ; embryonic shell, 509 
Ocinebra, 423 

Octopodidae, hectocotylised arm, 137, 139, 

140 

Octopua^ 879 - 386 ; egg - capsules, 127 ; 

vision, 184 ; radula, 286 ; crop, 238 
Ocyihoe, 384 \ hectocotylus, 138 
Odontwnaria,^ 407 
Odontoatomua^ 368 , 442 
Odoatomiat 250, 433 ; parasitic, 78 
Oesophagus, 237 
Ohcia^ 434 
Oigopsidae, 390 
Oldhamina^ 506^ 508 
Oleacifuif habits, 55 
Oliva, 199 , 266 , 275, 426 , 436 
Olivancillaria, 436 

Olivdla, 260, 267, 436 ; 0. biplicata as 
money, 97 
Olivia, 4 O 8 
Omalaxia, 413 
Omalonyx, habitat, 23 
Omnuiatrephea^ 6, 878, 390 
Ommatophores, 180, 187 
Oinphalotropia, 306, 809, 316, 824, 327, 
838, 414 




INDEX 


$27 


Onchididlaf 44^ 

Onchidiidae, 245 ; radula, 234 ; anus, 
241 

OnchidiopsiSf 411 

Onchidium, ; breathing, 163 ; eyes, 
187 

Onchidoria^ radula, 230 
Oniscia, 4^0 
Ondha, 415 
Onychia, 390 

Onychoteuthia, 390 ; club, 886 
Oocarya, 4^0 
Oopdta, 329. 4¥1 
Opeaa, 44^ 

Operculum, 267 f. 

Ophidioceraa, 247, 395 
OphUeta, 41^ 

Opia, 451 

Opisthobranchiata, 4 ^ ; defined, 9 ; 
warning, etc., colours, 71 f. ; generative 
organs, 144 ; breathing organs, 158 ; 
organs of touch, 178 ; parapodia, 199 ; 
nervous system, 203 ; radula, 229 
Opiathop&rua, 266, 300, 314-316, 414 
Opiathoatoma, 248, 309, 41^ 

Oppdia, 399 
Orhictda, 464 
Orbiculoidea, 504% ^10 
Orders of Mollusca, 5-7 
Organs of sense, 177 
Origin of land Mollusca, 11 f. 
Ornithochiton, 403 
Orphnua, 356, 441 
Orpidla, 440 

Orihalicua, 342-358, 860, 440 ; habits, 
27 ; variation, 87 ; jaw, 211 ; radula, 
233, 234 

Orthia, 505 ; stratigraphical distribution, 
506, 507, 511 
Orthoceraa, 394, 394 
Orthonota, 407 

Orthothetea, 505 ; stratigraphical distribu- 
tion, 507, 508 
Orygocerda, 247 
Osphradium, 194 f. 

Oatodea, 327 
Oatracotherea, 62 

Oatrea, 252, 258, 446, 449 ; intestine, 241 
Otina, 18, 409 
Otoconc/ia, 326, 440 
Otocysts, 196 f., 197 
Oioplcura, 402 
.Otopoina, 331, 338, 414 
Otoatoniua, 353, 442 
Ovary, 135 

Ovoviviparous genera, 123 

Ovula, 419 ; protective coloration, 70, 75 ; 

radula, 80, 224 ; used as money, 97 
Ovum, development of fertilised, 130 
Oxyehma, 858 
Oxygyrua, 422 ; foot, 200 
Oxynoe, 432 ; xadula, 230 


Oyster-catchers, shells used by, 102 
Oyster, cultivation, 104-109 ; living out 
of water, 110 ; enemies, 110 f. ; repro- 
duction, 112 f. ; growth, 114 ; cookery, 
114 ; poisonous oysters, 114 ; vision, 
190 

PACBN0DU8, 329-885, 441% 442 
Pachybathron, 425 
Pachychilua, 354 

Pacihydeama craaaatdloidea% money made 
from, 97 

Pachydomidae, 431 
Pachydrdbia, 807, 413 
Pachylabra, 410 

Pachyoiua, 334, 886, 866, 858, 441 
Pachypoma, 409 
Pa4ihy8tyla, 837 , 440 
Pachytypua, 431 
PmUilua, 4fif7 
Palaearctic region, 284 f. 

Palaeoncilo, 447 
PaUteoaolen, 457 
Palaina^ 327, 413 
Polio, 434 

Pallial line and sinus, 270 
Pcdlifera, 340, 44 O 
Palliobranchiata, 464 

Paludina, 419 ; penis, 186 ; eye, 181 ; 
vision, 184 ; P, vivipam, 24 — see also 
Vivipara 

Pcdtulomua, 332, 336, 838, 417 
Pauaina, Mollusca of, 8 
Panda, 322, 325, 335 
Pandvra, 438 
Papuans, use of shells, 99 
Papuina, 309, 819-324, 441 
Paramdania, 332 
Paramenia, 404 

Parasitic worms, 60 f. ; Mollusca, 74 f. 
Paraatarte, 431 
Parhinaania., 898 .* 

Parmacdla, 245, 291, 294 f., 438 n., 440 \ 
radula, 232*;: shell, 175 
Parmacochlea, 322, 326, 440 
Parmarion, 309, 440 
Pamidla, 326, 440 
Parmophorua, 4 O 6 
Parthena, 349-852, 860, 441 
Parts of univalve shell, 262 ; bivalve, 269 
Partvla, 819-327, 826, 442 ; radula, 283 
Paryphanta, 321, 325, 4^ 

Paryphoatoma, 413 
PaaaavMiidla, 382 

PateUa, 405, 464 ; as food, 56 f. ; eye, 
182 ; radula, 214, 215, 227 ; crop, 238; 
anus, 241 ; kidneys, 242 ; shell, 262 ; P, 
vulgata, veliger, 182 ; breathing organs, 
etc., 156, 167 

Patelliform shell in various genera, 19 
Paierina, 509, 510, 511 
Patindla, radula, 227 
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Patula, 297, 298, 318-338, 340 , U1 
Pcixillua, Jj^lS 
Pearl oysters, 100 

PecteUf 446, 400 , 4^0\ ox^ans of touch, 
178 ; ocelli, 191 ; flight, 192 ; nervous 
system,. 206 ; genital orifice, 242 ; liga- 
ment, 271 

Pectinodontaf Ji05 ; radula, 227 
PectunciUuSt J^JiS 

Pedicularia, 75, 4^9 ; radula, 224 
Pedinogyntf 819, 822, 44^ 

PedipeSf 18 , 199, 439 , 4^0 
Pedum, 4*^0 
Pelagic Mollusca, 360 
Pelecypoda, 7, 44^ ; development, 145 ; 
generative organs, 146 ; branchiae, 166 * 
169 ; organs of touch, 178 ; eyes, 189 f.; 
foot, 201 ; nervous system, 205 
Pella, 333 
Pellicula, 852, 44^ 

Pdtoceras, 399 
Pentadactylus, 4^3 
PeracUs, 4SG 
Pereiraea, 4^S 
Peruieris, 328-330, 44^ 

Periodicity in breeding, 129 
PeHophthalmua, 187 
Periostracum, 275 
Periplo7na, 459 
Pensphmcies, 399 
Perissodon ta, 4^S 
Periasolax, 4^4 
Peristeimiaf. 4^4 
Perua, 44^ ; ligament, 271 
Pemostrea, 44^ 

Permiaeus, 358, 44^ 

Perimia, 44^ 

Pei'riet'ia, 319, 44^ 

Perrinia, 4 OS 
Persicula, 4^5 
Peramm ( = Diatortio), 4^0 
Petenia, 353, 440 
Peteraia, 4^0 
Petraeua, 295, 331, 44» 

Petricola, 454 
Phacellopleura, 4^13 
Phanerophthnhnua, 430 
Plianeta, 403 
Plmnia, 312, 441 
PhareUa, 457 
Pharua, 457 
Pharynx, 210 
Phaaianella, 409 
Phaaia, 333 

Phenomena of distribution, 362 
PhUine, 245, 428 , 430 ; protective colora- 
tion, 73 ; radula, 229, 230 
Philmnycua, 245, 318, 440 
Philonexia, 138 
Philopota^nia, 304, 4 II 
Phoe7iicchma, 315, 441 
Pholadacea, 457 


Pholadidea, 457 
Phcladmnya, 459 

Phclaa, 245, 274, 447, 457 ; in Ires];! 

water, 16 
Phpa, 424 
Photinula, 403 
Phragmophora, 336 
PhyUidia, 434 \ breathing organs, 159 
Phyllirrhoe, 360, 428, 433 
Phyllclyranchua, 432 
PhyUoceraa, 398 , 393 \ suture, 396 
Phylloteuthia, 390 . 

Phyaa, 439 ; aestivatiqg out of water, 27 
spinning threads, 29 ; sudden appear- 
ance, 46 ; osphradium, 195 ; nervous 
system, 206 ; radula, 230 ; P. hyp- 
7iornm, 2Z, 27 
Pileolua, 4 IO 
Pileojma, 7$ 

PUoceraa, 394 
Pinaxia, 433 
Pmeria^ 442 
Pimm, 440 ; shell, 204 
Pinnoetopua, 335 
Pinnotherea, 62 
Phioceraa, 398 
Pirena, 4 II 
Pirenella, 4 IO 
Piropais, 424 
Pirula — see Pyi'tda 
Piaaiim, 424 

Piaidium, 453 ; smell, 195 ; ova, 146 ; 

P. puaillim, distribution, 282 
Pitya, 327 

Placobranchua, 432 

Plncoatylua, 322, 323-325, 359, 442 ; 
radula, 233 

Pktcwm, 443 \ P. placmia used for 
windows, 101 
Placunanomia, 443 
Placunopaia, 443 
Plagivptyclm, 347-351, 441 
Plaghjdychua, 456 
Plamvxia, 417 

Plmiiapira, 311, 312, 319, 441 
PUuiorbia, 27, 247, 439 ; monstrosity, 93 ; 

eye, 181 ; alhua, distribution, 282 
Platyceraa, 76, 412 
Platydoria, 434 
Platypoda, 4 II 
Platyackiama., 413 
Plaxipharfi, 403 
Plecochiiua, 442 
Plecotrema, j^9 
Plectmnhonitea, 505 
Plectomya, 459 

Pkctopylia, 303, 305, 314, 316 ; aperture^ 

63 

Plectoatyhut, 358, 442 

Plectotropia, 306, 306, 310, 311, 814-318, 

441 

Plectrophorua, 298 
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* Plesiaatarte^ 451 
Ptesiotriton, 420 

Pleurohranchaeat 421 ; jaws, 212 
’ Pleurdbmnehouieaj 421 
Pleurobmiu^hus, 245, 428, 421 ; warniiLf; 

coloration, 73 ; jaws, 212 ; radula, 230 
Pleurvcem, 340, 4^ 

Pleurouerklae, origin, 17 
Pleurodwita, 348 ; aperture, 63 
Pleuroleura, 422 
Plmromya^ 45S 
PleurophontSf 451 

Pleurojjhi/Uidia, 422 ; breathing organs, 
169 ; radula, 230 
PleurqpyrffuSf 357 

PhuroUnnay 426, 422 : slit, 263, 265 
Pleurutomurui, 266, 373, 376, 407, 4^7 \ 
prices given for recent, 122 ; slit, 156 ; 
radula, 226 
Plimtuldf 450 

Pliny the older, on use of snails, 118, 120 
Ploca m opherif a*, 424 
Plochelacat 425 
PluUmin, 298, 440 
PncimodermUf 158, 427, 438 
PoceUozonitcs, 352, 440 
Poisonous bite of Cunua, 65 ; i>oisonous 
oysters, 114 ; mussels, 117 
Polyccra, 424 ; radula, 230 
Polifcerella, 424 
Pobfcoaites, 450 
PolydonUs, 346-351, 347, 441 
Polyytmti, 424 

Polygym, 340, 345-353, 44^ \ aperture, 63 

Pdyiiymtia, 246, 263, 357, 442 

Pdymitfi, 346-351, 347, 44^ 

Polyplacoj)liora, 9, 40 I f. ; radula, 228 

Poly tremo rift, 266, 407 

Pfmuttia, 285, 293, 295, 441 

Poinalias, 288, 289, 292 f., 302, 412 

Pouw-liopsia, 415 

Ponmulax, 409 

Ponijihoiyx, 250, 341, 420 

PoHitnnhya, 332 

Portmiya^ 459 ; branchiae, 168 

Por2ihyrolKtphe, 27, 356, 442 

Position of Mollusca in Animal Kingdoin, 4 

Potamides, 16, ^i6' 

PotuDtomya, 15 
Potamopyryus, 325, 326, 415 
Poterioceratidae, S94 
ihuecardium, 459 
Praaina, 440 

Prices given for rare shells, 121 
Primitive mollusc, fonn of, 245 : tvpes 
of. 7 . ‘ 

Priaogaater, 409 
Pristiloma, 341, 440 
Proboaeiddla, 497, 504 
Prodiictii^e, 497, 500, 504, 508 
Productusi 492, 501, 602 , 504 : strati- 
graphical distribution, 608 

YOL. Ill 


Promachoteuthia, 339 

PmneotMnut, 404 » breathing organs, 154 ; 

nervous system, 203 ; radula, 229 
Prophysaon, 341, 441 ; habits, 44 
PropilUlhi }» , 405 
Proserpina, 21 , 355, 4 10 
Proserpinxlla, 354, 4 IO 
Proserpinidae, relationships, 21 
Prosobranchiiita, 9, 404 i*- ; breuthiiig 
organs, 154 
Pntsot'fH'lns, 451 

Protective coloration. 09 f. ; in snails, 70 ; 
in Nudibranchs, 71 f. ; in other Mol- 
liisca, 74 
Protegulnm, 509 

ProtobraiK'liiatn, 441 ; branchiae, 166 
ProtoMft, 4^1 
Protreinata, 511 
/*rorotuttor, 376, 425 
Psamnudda, 450 
IWudarhalinn, 328-330, 442 
/*si‘ndednfon dia , 452 
psendohalea, 350 
I'seudo-deltidium, 498, 511 
Psx'iuftnitm, 295, 307, 452 
l*seudolainellil»ranchiata, 167, 449 
\ Parndolira, 424 
Pavadomdania, 417 
PamdtunUax, 296, 440 
I *ar a dam w n \r, 422 
Paeudapartnla, 323 

; Pantdasuhnlina, 440 
! Pteiioglossa, 224, ^// 

; l*trrinara, 449 
j I*trrarrnta, 256, 262, 412 
j PfertM‘fo/nta, 334 

Pirnnyrhia, 266 , 267, 300, 316, 414 \ 
tube, 157 
Pfn’tn hiUa ,412 

■ Pteropodu, 7, 424 I breathing organs, 158 ; 
foot, 200 ; railiila, 230 
Ptrrotiacharn^ 42 1\ foot, 200; radula, 227 
Ptydialrarina, 4^4 
Plydutr.eras, 399 
Ptydiialrama, 452 
Pngilina, 424 

Puiiijonata, 10, 22, 151, 185, Jr>i3 \ origin, 
17, 19 ; breatliing organs, 160 ; nervous 
system, 203 
PvlacHam, 444 
Punctum, 441 
Pimcturdla, 266^ 4^^ 

Pupn, 289, 296, 325-357, 442 ; /^ cinerea, 
hybrid uuiou, 129 
Pupidae, radulu, 233 
Pupilla, 442 
Pupillnm, 413 j 

Pupinn, 157, 266, 309, 318-327, 414 
Pupinella, 318, 414 

Purpvra, 422 ; operculum, 269 ; erosion, 
276 ; y*. coronnta, 367 ; lapUlua, feeding 
on Mytilus, 60 ; on oysters, 111 ; pro- 

2 M 
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tective coloration, 69 ; variation, 90 ; 
cgg-capsules, 124 ; time of breeding, 
129 ; distribution, 363 n. 

Purpuroideaf 4£3 
P^isiondla, 4-^6 
Pygocardidy 461 
Pygopey 497 

PyramUldldy 4^^ 

Pyraniidellidae, 262 
PyrazuSy 50, 41^ 

Pyrgindy 330 
Pyrgiddy 415 
PyrnchiluSy 44^ 

PyroIofusiiSy 4^3 

Pyrula { = Pir\dd)y 41% 420 ; spawn, 126 ; 

operculum, 269 
Pythhuiy 453 

QVENSTEDTIAy 456 

i^uoyidy 260, -^77 

Racfhglossa, 220, 4^^ ; eggs, 124 
JiacMsy 329-335, 441, 44^ 

liddiolitesy 466 

JUtdiuity 410 

Padsidy 403 

Radula, 213 f. ; of Littorinay 20 ; of 
i-ydophornSy 21 ; of parasitic Mollusca, 
79 

Paddy 454 

liandldy 256, 4 m 

Kaiigo of distribution, 362 f. 

Paugidy 15, 453 

ItnHularidy 4W 
Rapdy 433 
Papandy 4^3 

PaphanlnSy 305, 309 
Jinlhouisiay 316, 440 
Hats devouring Mollusca, 57 
Pealidy 316, 327, 4U 

Peduzidy 4^1 
Rectum, 241 
Pcgistomdy 414 

Relationship of Mollusca to other groups, 5 
Pen ssodla ridy 512 

Reproductive activity of oyster, 112 ; 

system in Mollusca, 123, 134 f. 

Pequien idy 269, 460, 455 
Respiration, 150 f. 

Petzidy 508 
Pevoilidy 331, 414 
Peymondidy 332 
Phabdocerasy 308 
Phagaddy 311, 324 
Ph^nedy 325, 44 O 

PhhwhohtSy 504 

Phwstomdy 247, 266. 309, 414 

Rhipidoglossa, 225, 405 

Phizochilusy 75, 4'23 

Phodedy 366, 441 

Phodindy 307, 310, 443 

Phynckonelldy 466, 470, 471, 472, 474, 


483 , 437 ; distribution, 487 ; fossil, 492, 
497, 499, 605 ; stratigraphical distribu- 
tion, 506, 507, 508, 511 
Rhynchonellidae, 437 y 501, 505 ; strati- 
graphical distribution, 507, 508, 511 
Phyaotd, 67, 310, 314, 316, 319, 440 
RhytUdy 319-326, 333, 359, 440 \ habits, 
54 ; radula, 232 
PUlydy 44^ 

Pimdldy 418 
Pimnldy 265, 4 O 6 
Pingiculdy 430 ; radula, 230 

Pisdldy 413 

lUssody 415 
Pmoindy 415 
Pdnllardidy 77 
Podtebi'^unidy 331, 414 
Rock-boring snails, 49. 

PiPeidy 349 
ftossidy 380 
Posfellaridy 4 I 8 

Riidistae, 456 
Piimindy 260, 44^ 

Puiicituiy 431 ; protective coloration, 73 
SAiiATiAy 430 

SactdceraSy 304 

Sagddy 3M‘S51, 441 

SagcceiftSy 308 

Sidasielldy 353, 440 

Salivary glands, 237 

Sandford, on strength of lleliXy 45 

Sandwich islanders, use of shells, 99 

Stuiguinolarkiy 456 

SarepUiy 447 

fkirmadcusy 4 OO 
Satmmay 314, 316, 441 
^axicavdy 447, 457 

Sdxkiomns araidy money made from, 97 
tScaUiridy 247, 263, 4 II ; radula, 224 
Scald id y 453 

Scfdenostomdy 423 
ikdlioluy 415 

ikdphamhry 428, 429, 430 ; radula, 231 ; 

gizzard, 238 
Srdphitesy 399, 309 

Scaphopoda, 444 i deOned, 6 ; breathing 
organs, 160 ; nervous system, 205 ; 
radula, 236 

Scaphuldy 14, 305, 443 
Scdnthusy 18, 278, 439, 430 
ScharfT, R. , 011 food of slugs, 31 ; on pro- 
tective coloration in slugs, 70 
»8diasicheildy 347, 351, 354, 4 IO 
SdiiftmopCy 266, 407 
Schizochitony 187, 402, 403 
SchizoduSy 448 
Schizoglossdy 325, 440 
SchizoplaXy 403 

Sdiizostomdy 413 ' 

Schtoenhoxidy 398 
Scintilkiy 175, 453 
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ScissureUa, 265, 407 ; radiila, 226 
Sclerochitoiif 40 S 

Scrobicul<iri(tf 15, 164 , ; siphons, 164 

Scviptaria, 333 
Scurna, 4 O 0 
ScutahiSf 356, 44^ 

Scuteflastmt 405 

Scutus, 245, 406 , 4 OO 

ScylUmty 453 ; jaws, 212 ; stomach, 239 

Scymcntina, 320 

SckniieSt 339, 341, 440 

Seleiiitiilae, radnln, 231 

^St'IenocJilamySy 290 

S(df-fertilisiitioii, 42-44 

ikmeley 453 

Si’Miiatssis, 420 

yemper, K., on habits of Limtmea, 34 ; of 
Jlelimriun^ 45, 67 ; on rniiiiicry, 07 ; 
on parasitic EuUma, 79 ; on develoji- 
nicnt of Limntnu!^ 84, 94 ; on sexual 
maturity in snails, 129 ; uii OnchulimHf 
187 

iStpio, 381, 385 - 387 , SSO ; egg capsules, 
127 ; -glands, 130 ; jaws, 214 ; radiila, 
236 ; alimentary canal, 238 ; ink-sac, 
241 ; hcctocotylus, 389 
Scphnhn hunf 380 
SipklUi, 380 

380 ; glands, 130 ; radula, 230 
Stpiohitlm, 380 
Sepio]»hora, 388 

Sepioleulhiit^ 3ft0 x hcctocotylus, 139 
Septfirkiy 337, 338, 4^0 
Septibraucliiata, 145, 107, 450 \ branchiae, 

166 

Septifer^ 274, 440 

8i'fpfCfizuif 430 
Sergius Grata, 104 
^erri/unuSf 4^4 

Semro, 305, 440 
Sex, diHereiices of, 133 
Shell, 244 f. ; internal, 174 ; shape of 
bivalve, 445 

Shell-gland, primitive, 132 
Shells as money, 96 f. ; as ornainent, etc., 
98 f. ; various uses of, 98 f. ; prices given 
for rare, 121 ; .sinistra 1, 249 
Shores of N. Asia, no littoral fauna, 2 
Showers of shells, 47 

Sk/aretus, 186, 245, 207, 411 ; foot, 198 
Sight, 180 

Silctiutj 450 ; branchiae, 108 
Silia, 4 25 
Siliquay 274, 457 
iSiliquaria, 248 , 413 
SimniUy 470 

Simpulopsisy 345, 350, 443 
aimpulum, 4^0 

Simroth, on recent forms of JleliXy 22; 
on food of slugs, 31 ; on crawling of 
mixy 45 

Singular habitat, 4S 


Sinistral shells, 249 

SinistmliHy 4^4 
Simisigeray 133 

Stpho, 424 

Siphoiutlkfy 434 

Sip?iunan‘ay 18, 431 ; classilicatioii, 19 ; 

breathing organs, 151, 102 
Siphonarioidea, 431 
SiphonodentuU luHy 444 
Siphonostomnta, 150 

Siplionotrctoy 493, 496, ; stratigiaphi- 

cal distribution, 507, 508 
Siphons, 173 ; in burrowing genera, 105 ; 
braiicliial, 155 

SistruiHy 75, 433 \ radula of S. s/nef runty 

79 222 

Skukf, 301, 304, 310, 314-319, 333, 440 
Skiirgard, Mollusca of Die, 13 
*Shuu‘U y 415 
Ekrukfumiy 505 y 508 
Slit, in Gasteropoda, 205, 400 
Slugs, habits and food of, 30 f. ; bite 
liaud of captor, 33 ; in bec-hives, 30 ; 
ill greenhouses, 30 ; jirotective colma- 
tioii, 70 ; eaten in Kngland, 120 
8murutjifki^ 21 
ffttinruytf iurl/fty 430 
Smell, sense of, 192 

Smith, W. Anderson, quoted, 98, 111, 
111, 191 

Snails as barometers, 50 ; planls fertilised 
by, 102 ; cultivation for fooil, 118 f. ; 
used for cream, 119 ; as meclicine, 120 ; 
bannecl by the (’hurch, 121 
*SolurieUu.y 4O8 ; radnla, 225 
*StJ<iriumy 264 , 413y 413 ; railula, 224 
Suluropsisy 343, 353-357, 443 
Soh'rurtusy 166 , 457 

171, 446,.f';7; vision, 190 ; habits, 45 
Solrtuikiy 452 
Soletumyttf 275, 443 
t^iihtiofr/ltuiiy 45^7 
Solomon islanders, use of shells, 98 
iiiftnuUujyrnn^ 415 
Sttphiuu^ 3d5 

Spallanzani, experiments on l[elh\ 103 
Spat, fall of, 113 

294, 331, 336, 452 
Spekkty 333 

Spennatophore, in Cephalojioda, 137 ; in 
miiXy 142 

Spermatozoa, forms of, 130 
SphaeriufHy 453 

»8phcnifiy 450 

Sphenodtjfcusy 308 
Spit y rad in tit y 443 
Spines, use of, 64 
Spiraculumy 266, 414 
Spiraxisy 443 
Hpirialiay 249 

Spiriferay 468, 501, 505 ; stnitigraphicul 
distribution, 507, 508, 511, 512 
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Spiriferidae, 501, 505^ 508 
Sjairiferina, stratigraphical distribution, 
607, 608 

Spirobranchiata, 464 
Spirotropis^ 4^6 ; radula, 218, 219 
Spiruhtf 2A7, 386, S87, 388 
Spirulirostm, 380, 386, S88 
Spoudylium, 500 

SpoiiiiyluSf 257, 446, 460 , 450; ocelli, 
191 : genital orifice, 242 
Sp07if;iobrancJLaeat 457 
SpongiocMtoiif 403 
S^iorteUa^ 453 
Starfish eat oysters, 110 
Stearns, B. E. C., on tenacity of life, 38 
Stegodem, 306 

Stenochisvicit 505 ; stratigraidiioal distri- 
bution, 507, 508 

Steiiogyrdy 324, 44 ^ » decoLlata^ 279 ; 
food, 34 ; smell, 194 ; OoodaUii, 279 ; 
octona^ sudden appearance, 47 
Stenogyridae, radula, 234 
Stenopus, 440 ; habits, 45 
Stenothym^ 415 
UtenotiSy 410 
HUmtremu^ 340, 441 
Stephrmocerast 399 
Stcpsanwhi^ 358 
StUifer, 76, 77, 79, 433 
StilifeHna, 76, 432 
StU%ge7\ 432 
Stilbm^ 76 

Stoastmnn^ '848-351, 410 
Stolnfeuihini 389 
Stomach, 239 
Stomatclia, 408 
StomritiUj 408 
StmnatiHion, 302, 411 
Strebelia^ 353, 440 
Strength of llelix^ 45 
8trepho1)dsiSf 411 
StrepsUliinij 424 
StreptauluHf 414 

Streptaxiii, 302 , 306, 309, 314-331, 343, 
357 -359, 440 ; variation, 87 
Streptoneura, 203, 404 
Streptosiphon, 424 
StreptosteUf 329, 338, 440 
StreptostyUi^ 343-355, 363 , 440 
Stricklandin^ 505 ; stratigraphical distri- 
bution, 507, 508 
Slngatella^ 425 
Stringocephalidae, 506^ 508 
Stringocephalm^ 492, 497, 498 , 500, 501, 
50G ; stratigraphical distribution, 507, 
508 

Strdbau, 340, 345-353 
Strobilops, 442 

Stroinbidae, habits, 64 ; penis, 136 
Stromlmiat 423 

Strombtut^ 69 200 , 252, 413; mimicking 
ConuSf 69 ; operculum, 78 , 269 ; pearls 


from, 101 ; metapodium, 199 ; stomach, 
239 

Strophalosia, 504 ; stratigraphical distri- 
bution, 607, 508 
Stroplveodonta^ 497, 505^ 508 
Strophia, 343-355, 442 ; S. 278 
Strophochilus, 358, 

Strophomena, 499, 505 ; stratigi’a])hical 
distribution, 507, 508 
Strophomenidae, 500, 505, 508 
Slrophoatoma, 248, 414 
Structure of shell, 252 
Struthiolaria, 99, 413 ; radula, 216 
Styliola, 437 
StylodomUi, 339, 441 

Styloinniatophora, 11, \%l,439 ; origin, 19 

Svhenmrginida, 4 OO 

Submytilacea, 431 

Suhularia, 422 

Suhulbm, 332, 352, 442 

Suhidites, 420 

Succinea, 325, 327, 358, 443 ; jaw, 211 ; 

S. putris, parasite of, 61 
Succineidae, 443 ; radula, 234 
Sudden appearance of Mollusca, 46 
Suessia, stratigraphical distribution, 507 
Sulphuric acid, 237 
Surcuiit, 420 
Sycotypm, 424 
SynaptococMea, 4 O 8 
Sy)idosinya, 453 
Syringothyris, 500, 508 
8yrnola, 422 • 

Symolopsis, 332, 333 
Systrophin., 356, 357 

Tag HE A, 441 

Tacnioglossa, 223, 4 II 
Taheitia, 414 
Talona, 457 
Tanalia, 304, 4 II 
Tancredia, 453 
Tangnnyicia, ZZ%475 
Tanganyika, L., fauna of, 12 
Tanysiphon, 454 
Taonim, 391 , 301 
Tapes, 454 
Taste, 179 

Tebennojihorus, 143, 340, 440 
Tectarius, 413 
Tectibranchiata, 10, 429 
Tectura, 305, 405 
Teel us, 4 O 8 

Teeth in aperture of the shell, 63 
TeitiosUma, 247, 408 
Teimtis^ 407 
Tdescojnum, 252, 4 IO 
Tdlina, 446, 463 , 453 ; T, bcUthica, varia- 
tion, 84 
Tellinacea, 453 
Telotremata, 511 
Tenacity of life, 37 
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Teuison- Woofls, on red blood, 171 ; on 
shell-eyes, 189 

Tennent, Sir J. E., on musical sounds 
produced by Molluscs, 50 
Tenneniiaf 804, 314, 338, 440 
Terd>eUum^ 418 ; jumping powers, 64 
Ter^mt, 246 , 263, 426 , 4^6 ; radula, 219 
TerebmtdlcL, 468, 487 ; distribution, 486 ; 
fossil, 506 ; stratigraphical distribu- 
tion, 508 

Terd)ratula, 467, 468, 487 ; size, 484 ; 
distribution, 485, 486 ; fossil, 492, 499 , 
506 ; stratigraphical distribution, 506, 
507, 508 

Terebratulidae, 4^7 ; fossil, 500, 505^ 506 ; 

stratigrapliical distribution, 507, 508 
Terdmitulina^ 466 , 479, 4^7 ; larva, 
482 ; distribution, 486 ; fossil, 506 : 
stratigraphical distribution, 508 ; form 
of shell, 610 
Teredina^ 457 

Teredo, 262, 467 , 458 ; nervous system, 
206 ; intestine, 241 

Terglpcs, 45^^ 

TerquemUi, 450 

Testcuidla, 22, 62 , 446 ; habits, etc., 40, 
51 f. ; pulmonary oriiice, 160; eyes, 
186 ; radula, 231 ; anus, 241 
Testicardines, 466, 457 ; muscles, 476 ; 
fossil, 497, 504 f external characters, 
497 ; internal cliaracters, 499 ; attach- 
ment of muscles, 501 ; stratigraphical 
distribution, 508 
Testis, 135 
Tethyidae, 216 
Teth i/s, 453 
Tetrabranchiata, 891 f. 

Thala, J^5 
TImlassia, 319 
Thalotki, 468 
Thapsia, 329 
Thaumasia, 349, 442 
Thaummtus, 356, 44^ 

Thecacera, 434 ; radula, 229 
Thecidiidae, 4851 ; fossil, 501, 506, 508 
Thecidium, 475, 479, 480 , 483, 487\ fossil, 
506, 508 

Thecosomata, 485 
Thelidomus, 346-351, 360 , 441 
Theerra, 453 
Th^aam, 441 

Thersites (Helicidae), 322, 325 
Theraitea (Fasciolariidae), 4^4 
Thetia, 454 
Thracia, 245, 459 
Thread-spinning, 29 
Thridiichia, 452 
Tkyca, 76, 79 
ThyropkoreUa, 330, 440 
Thyaaitkuthia, 890 
Tiedemannia, veliger, 182 
Tiphobia, 332, 388 , 417 


Titicaca, L., Mollusca of, 25 
Todarodes, 390 
Tmmehia, 414 

Tomi^erus, 334, 356, 358, 442 
Tomocydm, 854 
Toimatele, 330, 446 
TmiieeJUt, 463 
Tmiicia, 403; eyes, 188 
Toreflia, 4 IJ 

Torinia, 413 \ radula, 224; oiierculum, 

269 

ToTHtLtcZlif'tm, 278, 319, 323-327, 338, 358, 
448 

Toniatina, 250, 430 
TurquiUa, 442 
Toucaaki, 455 
Touch, sense of, 177 
Toxoglossn, 218,426 
Trachkt, 314 
Trachyceraa, 307 
Traehydermoa , 463 
Trachylmtk ia, 389 
Trtdkt, 439 
Trtt n-aovuhi , 419 

Treiiuitia, 492, 493, 504 1 atratigraphical 
distribution, 507, 508 
Tremitonotus, 4^/7 

TreuuH'lupHa, 384 » radula, 236 ; hecto- 
cotylus, 137 
Trexelifomr, 434 
Trich io, 316 
Triehofropia, 275, 41^ 

Tricuhi, 302 
Trktueno, 273 , 455 
Triforia, 4 Z 6 ; railula, 224 
TnyonellUeji, 397 

Trlgonkt, 16 , 251, 269, 448; jumping 
powers, 65 ; distribution, 370 
Trkjonochln mya, 296, 41^6 

THyiniJftaf.omo, 426 

Trimerella, 496 , 564, 508, 51 1 
Trimerellitlat;, 493, 494, 490, 504 I Htrati- 
graphical distribution, 507, 508 
Trioocrki, 4,48 
TrkMlopsi.a, 8A0, 441 
TrkfiHi, 434 
Triopefla, 434 
Trktpha, 434 
Triteixeopiia, 385 

Triton, 256, 276 , 420 ; jaws, 212 
TritonUi, 433 ; protective coloration, 71 
Tritonide/i, 424 
Trivia, 419 

Trochidae, egg-capsules, 125 
Trochiacna, 4 O 8 
Trocfiita, 248, 412 
Trochoexraa, 395 
Trochvlitea, 395 

Trochomorpha, 306, 321, 824, 327, 333, 
U1 

Trochonanina, 331, 440 
Trochosphere, 5, 130 
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Trochotonia, 266, Ji07 
Trochus, 263, 408 ; eye, 182 ; stomach, 
239 

Trophon, J^S 

Tropical beach, Mollusca of a, 3 
Tropidophpra^ 414 
Tropites^ 397 
Troschdia^ 424 
Trumariu, 42S 
TruncateJlay 260, 414 
Tryhlidiunif 405 
Trypanodoma^ 340 

Trypho of Lampsacus, prayer against snails, 
121 

Tubed operculates, 157, 266, 300, 307, 
309 

Ttidida^ 424 

Tudora, 291, 349, 351, 414 

Tufjoniat 450 

Tulotomay 340, 410 

Turbindlay 100 , 262, 264 , 424 , 4^4 

Turfjo, 409 ; eye, 182 ; os})hradium, 195 ; 

operculum, 268 
Turbonillay 250, 332, 422 
Turcicay 40S 

Turricula, 425 ; radula, 221 

TurriliteSy 399 , 399 

TiirrUdlo.y 252, ^77 ; radtilii, 215, 224 

Tyle^riiiy 459 

Tylwiinay 451 

Tylopomay 4IO 

TympanotounSy 4IO 

Tynd^ruiy 447 

TyphU^ 423 

ULTRA-DEXTRATi sliclla, 250 
UmhonelUiy 409 

Umhmiuviy 409 

Vnihrdla.y 10, 451 ; ra<lula, 217, 230 
Uncitesy 505 ; stratigraphical distribution, 
507, 508 

Underground snails, 48 
Unyidina, 452 
Vn icardiumy 452 

Cuioy 452 ; shell, 254 , 259, 273 , 341 ; 

variation, 92 
Union of LiimvXy 128 
Unioiiidae, origin of, 15 ; eaten by rats, 
57 ; larvae, 146 
Urocydusy 331 , 440 
UrosalpinXy 423 
VfriciUuSy 430 

Uvanilla, 409 

VAGTXULAy 245, 319, 343, 352, 443 
Vagiuulidae, radula, 234 ; anus, 241 
Valletia, 450 
Vfilltmiay 441 

Valvata, 133, 410 ; branchia, 109 
Valves of Chitonidae, 401 f. 

Va'tigandla, 454 

Variation, 82 f. 


Varicdltty 346, 348 
Vdatesy 260, 410 
Vdiferat 353, 440 

Veliger stage, 131 ; mistaken for perfect 
form, 133 
Vdoritay 302, 453 
Velum, 131 

Veluthuiy 275, 411 ; radula, 223 
Vcneracea, 454 
VenericardWy 451 
VenerupiSy 454 
Vmidlay 451 

Venilwardiay 451 

VemtSy 270 , 271 , 446, 454 ; U. nierceimriay 
97, 374 
Veraniay 391 

Vemietusy 247, 413 \ radula, 223 

VeroniceWiy 443 
Vertmorduiy 453 

Vertigoy 327, 442 ; T". arctiaiy 287 
VexUlay 423 
Vibcxy 417 
Vitidlay 289 

VUHiiay 22, 296 f., 332, 440 \ hardy 
habits, 24 ; jumping powers, 65 ; shell, 
175 ; radula, 217 

Vitrindliiy 403 
VUriniconuity 314, 4'^0 
Vitrmoideff, 314, 440 
VitrinoaoniteSy 340, 440 
Vitidiiriay 423 
VkHpardy 324, 343, 410 
Volume of water, .elfect in producing 
variation, 94 

Vdiitiiy 267, 425 , 425 ; spawn, 125 ; radula, 
217, 221 ; distribution, 370 ; prices 
given for rare, 122 
VoliUoAi'isy 348 
Vd utfuirpHty 267, 424 

VdutolitheSy 425 

Volulolyriay 425 ; radula, 222 
Volutomitray 425 ; radula, 221 

VolutopsiSy 423 
Volvaridy 429 
Volvatdhiy 430 
Vdrkday 430 
VulsdlUj 75, 446 , 449 

WALDHEiMiAy 464, 467, 468, 473, 474, 
437 ; size, 484 ; distribution, 486 ; fossil, 
500 , 501, 602, 500y 608 
Walton and mussel cultivation, 115 
Wampum, 97 
Warner, R., quoted, 37 
Warning coloration, 71 f. 

West Coast, South America, melanism of 
shells occurring on, 85 
Whelks, use of, 118 
Vniitneyay 424 

Wliitstable, oyster-parks at, 106, 41^2 
Willem, V., on vision of Mollusca, 185 
Wollaston, T. V., quoted, 32 
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■Wood, Rev. J. G., on starfish eating 
o)'8ters, 111 
WoodUtf Jf/il 

Woodward, S. P., on tenacity of life, 38 ; 
Dr., on the same, 38 

Wottoii, F. W., on egg-laying of A riony 42 
Wright, Bryce, on tenacity of life, 38 

JCrxophora, 412 \ habits, 64 
XenopomUf 346, 351 
XvroplnJtt^ 285, 296, 44^ 

XeMu, 310, 319, 321, 44 ^^ ; mimicry by, 
66 f. 

Xylo2)haga^ 4o7 


I’ETrSf 4^^ 

Yolititif 447 ; genital orifice, 242 

Zagrabica^ 297 
Zehriua, 285, 296, 44^^ 

ZCM/ottl, 4^^ 

ZUUina^ 425 
Zittdia, 420 
Zones of depth, 361 

Zonitcs^ 275, 44^^ : S'") ; radula, 232 ; 

distribution, 294, 296, 340 
Zosp^'niHf 187, 442 
Zygobraiichiatii, 154, ^06 
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The 

Cambridge Natural History 


In issuing the first instalment of the Cambridge Natural 
History, the publishers wish to call attention to the 
general objects of the work. 

The series, which is edited, and for the most part 
written, by Cambridge men, is to consist of ten volumes, 
each of which will contain about 500 pages and will be 
complete in itself. The volumes have been numbered 
on a definite plan, but will be published in the order in 
w'hich they are ready for press. Thus the first to be 
issued is Vol. III., dealing with the Molluscs and 
Brachiopods. It is hoped that Volume V., dealing with 
some of the insects, may appear before the end of the 
year, and Volume II. at no long interval. Other volumes, 
including Volume IX., dealing with birds, are in an 
advanced state of preparation. 

The Cambridge Natural History is intended, in the 
first instance, for those who have not had any special 
scientific training, and who are not necessarily acquainted 
with scientific language. At the same time an attempt 
is made, not only to combine popular treatment with the 
late|^ results of modem scientific research, but to make 
the volumes useful to those who may be regarded as 
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serious students in the various subjects. Certain parts 
have the character of a work of reference. 

Although the Vertebrate animals will receive adequate 
treatment in the latter volumes, the first six will be 
devoted to the Invertebrates. The space has been 
apportioned with due regard to the size and importance 
of the several groups of animals, and the editors have 
endeavoured not to overlook entirely any of the less 
conspicuous divisions, whose Natural History may be no 
less interesting than that of more familiar animals. The 
habits and external features of each group will be con- 
sidered in conjunction with its classification, geographical 
distribution, anatomical structure, development, and 
palaeontology. Especial attention will in most cases be 
paid to the members of the British Fauna. 

Complete uniformity of treatment has not been aimed 
at. It has been thought of the first importance to secure 
the help of contributors who are thoroughly acquainted 
with the groups on which they are writing, and to allow 
them to a large extent to handle their subject in the way 
in which they can do it and themselves the most justice. 
In some cases it is impossible to treat a class of animals 
adequately without paying considerable attention to in- 
ternal structure. In other cases, the purposes of the 
work can be better met by devoting most of the allotted 
space to habits and external structure. 

Although it is neither possible nor desirable altogether 
to avoid copying figures which have previously been 
published, a special feature of the work will be that the 
illustrations are, where possible, drawn from nature. 
Chapters on geographical distribution will in many cases 
be illustrated by maps. 
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The contributions will be arranged approximately 
according to the following plan : — 


fProtozoa . 


Sponges 


Vol. I. 4 

Jelly - fish, Sea- 
Anemones, etc. 

Star - fish, Sea- 
Urchins, etc. 

fFlat Worms, etc. 


Vol. II. 


Nemertines 
Thread - worms, 
etc. 

Rotifers, etc. 


Polychaet Worms 


Earth-worms and 
Leeches 

Gephyrea . 
Polyzoa 


M. M. Hartog, M.A., Trinity College 
(Professor of Natural History in 
the Queen’s College, Cork). 

W. J. SOLLAS, Sc.D., F.R.S., St. John’s 
College (Professor of Geology, 
Trinity College, Dublin). 

S. J. Hickson, M.A., Downing Col- 
lege (Beyer Professor of Zoology in 
the Owens College, Manchester). 

E. W. MacBridk, M.A., St. John’s 
College. 

F. VV. Gamiu.k, M.Sc. (Viet.), (De- 
monstrator and Assistant-Lecturer 
in Zoology in the Owens College, 
Manchester). 

Miss Shkldon, Newnham College. 

A. E. Shiplky, M.A., Christ’s College. 

M. M. Hartog, M.A., Trinity College 
(Professor of Natural History in 
the Queen’s College, Cork). 

W. B. Bknham, D.Sc. (Lond.), Hon. 
M.A. (Oxon.), Aldrichian Demon- 
strator of Comparative Anatomy 
in the University* of Oxford. 

F. E. Bej>dari), M.A. (Oxon.), 
F.R.S. (Prosector to the Zoological 
Society). 

A. E. Shipley, M.A., Christ’s College. 

S. F. Harmer, M.A., King’s College. 


Vol. HI. 


''Molluscs 
Brachlopods 
- (Recent) 
Brachlopods 

^ (Fossil) 


A. H. Cooke, M.A., King’s College. 
A. E. Shipley, M.A., Christ’s College- 

F. R. C. Reed, M.A., Trinity College. 



VoL IV. 

VoL V. 

Vol. VI. 

V 

Vol. VII. 

Vol. VIII. 

Vol. IX. 
Vol. X. 
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'"Spiders^ Hites* C. Warburton, M.A., Christ’s Col- 
etc. lege (Zoologist to the Royal Agri- 

cultural Society). 

Scorpions, Trllo- M. Laurie, B.A., King’s College 
bites, etc. (Professor of Zoology in St. 

Mungo’s College, Glasgow). 

■ Pycnogonids, etc. D’Arcy W. Thompson, M. A., Trinity 
College (Professor of Zoology in 
University College, Dundee). 

Crustacea . W. F. R. Weldon, M.A., F.R.S., 
St. John’s College (Jodrell Professor 
of Zoology in University College, 
London). 


Peripatus . 

Centipedes, etc. 
Insects 

Insects 


A. Sedgwick, M.A., F.R.S., Trinity 
College. 

F. G. Sinclair, M. A., Trinity College. 
D. Sharp, M.A., F.R.S. 

D. Sharp, M.A., F.R.S. 


'Balanoglossus, 

etc. 

Ascidians and 
Amphioxus 

Fishes 


V. 


S. F. Harmer, M.A., King’s College. 

W. A. HERDMAN,D.Sc.(Lond.),F.R.S. 
(Professor of Natural History in 
University College, Liverpool). 

T. W. Bridge, M.A., Trinity College 
(Professor of Zoology in the Mason 
College, Birmingham). 


Amphibia and 
Reptiles 


H. Gadow, M.A., FtR.S., King’s 
College. 


Birds 


A. H. Evans, M.A., Clare College. 


Mammals . . F. £. Beddard, M.A. (Oxon.), 

F.R.S. (Prosector to the Zoological 
Society). 
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NATURAL HISTORY AND ANTIQUITIES OF SELBORNE. 
By Gilbert White. With Notes by Frank Buckland, a Chapter 
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